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0 A composttJon comprising, 

(a) 1 to 99 parts by weight of a specific hydrogenated product of a block copolymer having at feast 
one polymer block composed mainly of a vinyl aromatic compound and at least one polymer block 
composed mainly of a conjugated diene compound, a modified product which comprises said product 
modlfiad with an a.^S-unsaturated carboxyltc acid or a derivative thereof, or a mixture of said product and 
said modified product, wherein the content of the vinyl aromatic compound prior to hydrogenation is 5 to 95 
% by weight and a content of vinyl JInkages [V] prior to hydrogenation which originated from the conjugated 
dtene compound is 10 to 80 %, said product satisfying the following conditions; 

(1) the hydrogenated ratio [A] of the total of aliphatic double bonds which originated from the 
conjugated diene compound Is not lower than 5 % and lower than SO %, and 

(2) [B]/[V]^« = 3 to 20, 
wherein [B] is the hydrogenated ratio of the vinyl linkage portions which originated from the conjugated 

diene conrtpound, and 

(b) 99 to 1 parts by weight of at least one thermoplastic substance selected from the group 
consisting of tacktfier resins, thennoplastk: rastns and bituminous materials, and a process for produdng the 
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SPECIFIC HYDROQENATED BLOCK COPOLYMER COMPOSmON AND PROCESS FOR PROOUCrNQ THE 

SAME 



TECHNICAL RELD 

Th9 present inventfon relates to a block copolymer composition comprising a combinatiDn of a product 
9 obtained by specifically hydrogenating a block copolymer having at least one polymer block composed 

mainly of a vinyl aromatic compound and at least one polymer block composed mainly of a conjugated 

diene compound having a content of ^nyl linkages originating from the conjugated diene compound within 

a specific range prior to hydrogenation (hereinafter abbreviated as 'a specific hydrogenated btock 

copolymer*), and at least one thermoplastic substance selected from tackffter resins, thenmopiastic resins or 
fo bituminous substances. 

The composition comprising a combination of the specific hydrogenated block copolymer and a 

tackifier resin according to the present invention is a tacky composition that is excetlent in initial tackiness. 

adhesive strength, creep resistance and is improved in treatment performance at high temperature, which is 

particularly suitably useful for adhesive tapes^ labels, etc. 
15 Further, the composition comprising a comtdnation of the specific hydrogenated btock copolymer and 

the thermoplastic resin according to the present Invention Is a composition having excellent impact 

resistance, compatibility, heat aging resistance and kw temperature properties. 

Yet further, the composition comprising the spedfk^ hydrogenated bk)ck copolymer of the present 

invention and the bituminous material Is a bituminous composition having excellent low temperature 
20 properties and heat aging resistance, as well as having a good softening point penetration and strength. 

and is a composition which is suitable as an asphalt pavement for roads, a water-proof sheet a sound- 

shieldino sheet roofing, etc. 



25 BACKGROUND ART 

A block copolymer comprising a conjugated diene and a vinyl aromatic hydrocarbon is different from 
natural rubbers and oortventtonal synthetic rubbers. The block copolymer has strength and elastic char- 
acteristtcs whteh Is equal to vuk^nlzed elastomers at room temperature, without having been vutoanized by 

30 the use of a vulcanizatkm agent an accelerator and a filler such as carbon black, etc. The btock copolymer 
also exhtbita good processabitity which is similar to that of thermoplasto at high temperatures, and 
therefore it is now utilized in very wide scope of fields by the utilization of these characteristics. Examples 
of the applications of the block copolymer may Incftjde an injection molded products such as hoses, 
footwares. window flames, vessels, toys, domestic articles, etc., as welt as extnislon molded products. bk>w 

3S mokied products, cohesives, adhesives. modified asphalts, modified thermoplastic resins, thermosetting 
resins, vufoantzed rut)bers, etc. 

In the various uses described above, the adhesives has been used in varfous products, such as an 
adhesive tape, a label, etc. For the application of an adhesive onto tapes, there has generally t>een a 
method employed in which an adhesive solution containing an adhesive dissolved in a solvent is coated 

40 omo a substrate by means of rollers coaling, spray, etc. However, the use of such solvents involve many 
problems with respect to pollution of the atmosphere, fire, work environment hygiene, etc.. and it is recently 
regarded as being a serious social problem. Accordingly, as the means for solving such inconvenience, a 
hot melt adhesive of the non-solvent type has recently attracted attention. 

As the base polymer for a hot melt adhesives, there have been employed various polymers such as 

49 ethylene«vinyl acetate copolymer, a block copolymer comprising a conjugated diene and a vinyl aromatic 
hydrocaitxsn. ethylene-«rOlefln copolymer, polyester rssin, etc., but among the above, the block copolymer 
is prefisrably used because of having a relatively good balance between tackiness and creep resistance. For 
example, Canadian Patent No. 742758 and U.S. Patent No. 3427269 disclose adhesive compositions 
containing a linear-chain block copolymer such as polystyreneiX>iybutadiene-polystyrene or polystyrene- 

50 polyisoprene-^olystyrene, etc. Also, Japanese Patent Publication Examined No. 49958/1981 discloses a hot 
melt adhesive composition comprising a branched-chain block copolymer of (polystyrene-polybutadiene)oX, 

On the other hand, a primary use of the block copolymer is to use it In combination with inorganic fillers 
or organic fillers, thermoplastic resins, etc For example. U.K. Patent No. 1092563. U.S. Patent Nos. 
3458830 and 4107124 describe the use of compositions comprising a thermoplastic resin such as 
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polystyrene, pofyethylene, etc.. a softener such as a naphthenic oil, etc., an inorganic filler such as clay, 
calcfum carbonate, etc., formulated In footwares. Also, UX Patent No. 1105585. U.S. Patent No. 3637554 
and U.K. Patent No. 1077769 describe methods for Improving impact resistance by formulating the above- 
described block copolymer in polystyrene or a rubber-modHied polystyrene. Slmilariy, U.S. Patent Nos. 
3294868 and 3459831. Japanese Patent Publications Examined Nos, 5087/1971 and 1807/1971. and West 
Germany Patent Publication No. 2255930 describe attempts to improve the characteristics by formulating 
the above-described block copolymer in poiypropyrene, polyethylene, an acrylte resin, a vinyi chloride 
resin, and a polyphenylene ether resin, respectively. 

It has been known that the properties of a bituminous material which is britOe and susceptible to impact 
destruction at low temperature or susceptible to plastic deformation at high temperature can be improved to 
Increase Its durability by mixing therewith a natural rubtjer or a synthetic rubber such as styrene-butadiene 
rubber, a nitrile rubber, etc., and such compositions have been already utilized for civil engineering, 
construction, industry, typically uses for roads in Japan or in various foreign countries. 

For preparing a rubber-mixed bituminous composition, there is a method In which a njbber is mixed 
with a bituminous material on open rollers to prepare a masterbatch having a high mbber content end the 
mastert^atch Is mixed with a bituminous material, heated and melted to be dissolved therein. In another 
method, a rubber in a form of powder or latex is mixed with a bituminous material heated and melted to be 
dissolved therein. Recentiy in particular, a bituminous composition mixed with a block copolymer having an 
excellent solubility characteristic In the composition during mixing and being relatively lower in viscosity at 
high temperature, Is preferably used rather than a bituminous composition mixed with a natural rubber or a 
synthetic rubber which has been previously conventionaJly used. For example. U.K. Patent No. 1177725 
discloses a bituminous composition which contains a block copolymer of a vinyl aromatic compound and a 
conjugated dlene compound dissolved therein. 

However, in the use of adhesi'ves, since the block copolymer comprising styrene and butadiene is 
inferior in initial tackiness the use of a block copolymer comprising styrene and isoprene having excellent 
characteristics for an adhesive tape and an adhesive label for which initial tackiness is particularly 
denr>anctod. has recently been Increased. However, a block copolymer comprising styrene and isoprene will 
be changed in viscosity and physical properties by cJeavage of molecular chains caused by heat 
degradation, when the adhesive composition is left to stand at high temperature for a long period of time. 
Accordingly, an improvement is still desired. 

On the other hand, a block copolymer comprising styrene and butadiene, though free from cleavage of 
molecular chains, has the problem In that it is inferior in initial tackiness. Various investigations have been 
conducted in the prior art concerning improving the initial tackiness of a block copolymer comprising 
styrene and butadiene. For example, U.K. Patent No. 1447419 disctoses a method in vrfiich a hydrogenated 
resin of an aromatic petroleum rosin prepared by hydrogenatino a petroleum resm obtained by polymeriza- 
tion of petroleum distillates containing a polymerizable aromatic hydrocarbon as a main component at a 
ratio of 40 to 80 % of hydrogenalion in (ha nucleus of aromatic components, is used as the tacWfler resin. 
On the other hand. In Japanese Patent Publication Unexamined No. 2375/'l982. there is dlsck>sed a method 
in which a hydrogenated resin having a softening point of 50 to 160 *C is used. The resin is prepared by 
heating a distillate at 220 * C to 320 * C and copolymerlElng It, and further subjected to hydrogenation. The 
distillate has a concentration of dicyclopentadiene concentration of 10 to 70 % and a concentration of 
tetrahydroindene and^or vinytoyctohexene of 30 to 80 %. The dSstiilata is obtained by distilling off most of 
the vinyl norbornene which is the main product contained In the reaction mixture resulting firom the Dlels- 
Akter reaction of 1.2-butadiene and cyciobutadlene. However^ even according to such a method, an 
improvement of Initial tackiness of the resin formed Is still unsatisfactory and an Improvement is still 
desired. 

Also. U.K. Patent No. 1405788 describes a method in which polystyrene-hydrogenaled polybutadiene- 
polystyrene or polystyrene-hydrogenated polyisoprene-polystyrene is used for improving the adhesive 
pmpertles of the composition at relatively high temperature conditions. Among tiiem are adheshre composi- 
tions which are a btock copolymer comprising a vinyl aromatic compound and a conjugated diene 
compound. However, tiie compositions described in ttie patent have the problem of being inferior in initial 
tackiness. 

A composition comprising a blocfc copolymer of a vinyl aromatic hydrocarbon and a conjugated diene 
formuiated in a thermopiaatic resin is generally inferior In high temperature mokiabiKty, and when molding is 
performed at a relatively high temperature for tfie purpose of improving productivity during the molding of 
said composition, which results in the ensuing problems such as the impact resistance being abruptly 
towered or tfiat the desired performance cannot be obtained even when molding Is being conducted by 
formulating a block copolymer in an engineering plastic, etc., for which molding at high temperature Is 
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required. 

Accordingly, for tha purpose of improving high temperature moidability. it has been attempted to 
formulate In a thermoplastic resin, a block copolymer obtained by hydrogenating a block copolymer ot a 
vinyl aromatic hydrocarbon and a conjugated diene to convert a conjugated diene polymer block to a 

5 saturated olefin polymer block. For example, UK. Patent Noa. 1581107 and 1559052 describe a composi* 
tion, in which a block copolymer having 80 % or more, more preferably 99 % or more of its aliphatic double 
bond portions which originated from a hydrogenated conjugated diene, \s formulated in an engineering 
plastic. However, in such a composition, the compatibility of the hydrogenated block copolymer with the 
thermoplastic resin is inferior, which results in such problems as the possible occurrence of a layer peel-off 

TO phenomenon of the molded product of the composition, depending upon the formulated amount Also, due 
to having an inferior lower temperature characteristic, no desired performance can be exhibited at lower 
temperatures. 

Further, in a composition comprising a bituminous material mixed with a block copolymer, when 
dissolving is conducted at a temperature which is higher than a conventional dissolving temperature in order 

16 to improve the productivity during processing by further shortening the dissolving time, or when the 
dissolving time is shortened during the mixing of a block copolymer having a relatively higher molecular 
weight which can be dissolved only with difficulty, or when processing and working are practiced at higher 
temperatures in order to improve the workability by lowering the viscosity after mixing, the problem involved 
is that the block copolymer suffers from heat degradation to provide a bituminous composition having none 

20 of the desired physical propertiee. In order to Improve the heat aging properties of the block copolymer, it 
has also been attempted to use a completely hydrogenated block copolymer in which its aliphatic double 
bond portions which originated from the butadiene compound in the block copolymer is hydrogenated to 90 
% or more, generally to substantially 100 %. However, a composition which comprises such a completely 
hydrogenated block copolymer is inferior in low temperature properties, and wouM thus have tfie problem of 

2s the flexibility thereof being worsened at cokl temperatures. 

tn view of the stats of the art described atKJve, the present Inventors have studied intensively to 
improve initial tackiness and heat treatn^ent performance at high temperature of an adhesive composition by 
the use of a block copolymer comprising an aromatic compourxl and a conjugated diene compound, and to 
obtain a composition having exceilsnt heat aging resistance, nnoidability at high temperature, compatibility. 

30 impact resistance and tow temperature properties by the use of a thermoplastic resin, inorganic or organic 
filler, etc.. in combination with the btock copolymer, and further to obtain a bituminous composition having 
excellent low temperature properties and heat aging resistance and also having a good softening point, 
penetration arxl strength. The prersent inventors consequently have found that these purposes can be 
accomplished by using a block copolymer which Is specifically hydrogenated at its aliphatic double boruj 

36 portions which originated from the conjugated diena compound. And accordingly, the present invention has 
been completed. 



DISCLOSURE 

40 

More speclfteally. the present inventran relates to a composition comprising. 

(a) I to 99 parts by weight of a specific hydrogenated product of a bkjck copolymer having at least 
one polymer block composed mainly of a vinyl aromatic compound and at least one polymer bkx:k 
composed mainly of a conjugated diene compound, a modified product which comprises said product 

45 modified with an o.^nsaturated carboxyllc add or a dertvath^e thereof, or a mixture of said product and \ 
smd modrffed product, wherein the content of the vinyl aromatfc compound prior to hydrogeflatk)n Is 5 to 85 
% by weight and a content of vinyl linkages [V] prior to hydrogenatu>n whk:h originated from the conjugated 
diene compound Is 10 to 80 %, said product sattefying the followcng conditfons: 

(1) the hydrogenated ratio [A] of the total of allphatte double bonds whteh originated from the 
50 corijugated diene compound is not bwer than 5 % and lower than SO %. and 

(2) [BViyf^ « 3 to 20. 

wherein [B] Is the hydrogenated ratto of the vinyl linkage portions wfilch originated from the conjugated 
diene compound, and 

(b) 99 to 1 parts by weight of at least one thermoplastic substance selected from the group 
S5 consisting of tacMfier resins, ttienmoplastic resins and bituminous materials, and a process for producing the 

same. 

In the present composition. 
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1) when the mermoplaslic material of componem (b) Is a tackifier resin, the ratio of component (b) 
per 100 parts by weight of component <a) should be preferably 20 to 200 parts by weight. 

2) when the thermoplastic material of component (b) is a thermoplastic resin or a Utuminous material, 
the weight ratio of component (a) to component (b) should be preferably 99/1 to 1/99. 

5 The specific hydrogenated block copolymer to be used as component (a) in the present Invention 
comprises a hydrogenated product of a block copolymer comprising at least one. preferably two or more 
polymer block A composed mainly of a vinyl aromatic compounds and at least one polymer block B 
composed mainly of a conjugated diene, having a content of vinyl linkages (VJ prior to hydrogenation which 
originated from the conjugated diene compound being 10 to 80 %. preferably 15 to 70 %. more preferably 

70 20 to 65 %, and the hydrogenated ratio {A} of the total of the aliphatic double bond portions which 
origlnatBd from the conjugated dIene compound in said copolymer is not lower than 5 % and tower than 50 
%. preferably 10 to 45 %. more preferably 15 to 40 %. and hjrther the hydrogenated ratio [Bl of the vinyl 
linkage portions which originated from the conjugated diane compound in said copoiynrter is satisfied by Ihe 
foltowing equation; [B1/[V]** = 3 to 20. preferably tBy[VJ"* = 5 to IB. more preferably (BF|V3'« « 7 to 16. 

IS When the content of vinyl linkage [V] based on the conjugated diene compound prior to hydrogenation 
is hTwer than 10 % or higher than 80 %, the adhesive composition is undesirably inferior in initial tackiness. 
On the other hand, the thermoplastic resin composltfon and the bituminous composition are undesirabiy 
inferior In oompafibifity In the respective compowtton when content of the vinyl linkages prior to hydrogena- 
tion is kiwer than 10 %, and they are. undesirably inferior in low temperature properties when the content 

20 eMseeds 80 %. When the hydrogenated ratio fA] of the total of aliphatic double bond portions whk:h 
origina(ted from the conjugated dIene compound in the bk)ck copolymer is lower than 5 %. the heat aging 
resistance Is inferior, while when it is not kiwer than SO %. the initial tackiness and low temperature 
properties are Infisiior. Further, when HByyf^ Is lower than 3, the Ntlal tackiness, and the creep resistance 
in the adhesive compositton are inferior, and the heat aging resistance of the thermopiastic resin 

S5 composition and the bituminous composition are inferior. When IBViyf'^ exceeds 20. the initial tackiness in 
the adhesive composition Is Inferior, and the low temperature properties and compatibility In the themno 
plastic resin composition are inferior, and also the kiw temperature properties in tiie i){tuminous composition 
is Inferior. 

The content of vinyl linkages prior to hydrogenation which originated from the conjugated diene 

M compound In the present Invention is defined by the ratio of the amount of the conjugated diene 
compounds incorporated in the bonding configuration of 1 ,2-nnkage and 3.4-linkage among the total amount 
of the conjugated diene compounds incorporated in the bonding configurations of 1,2-ilnkage, 3,4-linkage 
and 1.4-!inkage in the block copolymer. The content of vinyl linkages prior to hydrogenation can be defined 
by IR spectrophotometer, NMR device, etc. And, the hydrogenated ratio [A] of the total of the aliphatic 

Sff double bond portions which originated from the conjugated diene compound is defined by a rstHo of the 
amount of aliphatic double bonds hydrogenated and converted to saturated hydrocarbon bonds among the 
total of the aliphatic double lionds prior to hydrogenation. both of which originated from the conjugated 
diene compound Incorporated in the block copolymer. Further, the hydrogenated ratio (B] of the vinyl 
linkage portions which originated from the conjugated diene compourKi Is defined by the ratio of the amount 

40 of afiphatic double bonds hydrogenated and converted to saturated hydrocartxjn bonds among the amount 
of aliphatic double bonds prior to hydrogenation, both of which originated from the conjugated diene 
compound as incorporated in tiie bonding configurations of 1.2-linkage and 3,4-llnkage in the block 
copolymer. [B] Is not higher than 100 %. The hydrogenated ratio [A] and [B] can be defined by IR 
spectrophotometer, Nf^R device, etc. When tiie hydrogenated ratio is grasped from the hydrogenated block 

4ff copolymer, the method by means of NMR device can be effectively used. 

The content of a vinyl aromatic compound in \i\e specific hydrogenated block copolymer cf tile present 
invention may be 5 to 95 % by weight, preferably 10 to 90 % by weight mona preferably IS to 85 % by 
weight. The bkjck copolymer exhibits ttie characteristics of a titemnoplastic elastomer when the content of 
the vinyl aromatic compound is not higher ti^an 60 % by weight, preferably not higher tiian 55^ % by weight, 

so while It exhibits tiie characterictics as a tiiermoplastic resin, when the content of the vinyl aromatic 
compound exceeds 60 % by weight and is preferably at least 65 % by weight. 

In the present Invention, in order to obtain an adhesive composltton having good Initial tackiness, a 
rubbery thermoplastic resin composition or a thermopiastic resin composition having good Impact resis- 
tance, or further a bituminous composition having good flexibility and adhesiveness, it Is preferable to use. a 

ss block copolymer having a vinyl aromatic compound content of 5 to 60 % by weight, preferably 10 to 55 % 
by weight and more preferably 15 to SO % t>y weight 

As a metfiod for preparing ttte block copclynw betore hydrogenatten to be used In tiie present 
Invention, any known method may be available, provided tfiat the contents of vinyl aromatic compound and 
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vinyt linkages are within the ranges specified in the present bivention. For example, there nr>ay be 
enumerated the methods as described in U.K. Patent ^»os. 895980 and 1130770. Japanese Patent 
Publications Examined Nos. 31951/1970. 32415/1971 and 2423/1973, U.S. Patent Nos, 3639517 and 
3281383. Japanese Patent Publication No. 49567'1978 and U.K. Patent No.143e8l2. etc. 

These are methods of block copotymerizing a conjugated diene and a vinyl aromatic compound by 
using a polymerization initiator such as an organic lithium compound, etc. in a hydrocarbon solvent, to 
provide block copolymers represented by the formulae: (A-B)„ . A -4- B-A)rt . 8 -Ar A-B)o (wherein A is a 
polymer segment composed mainly of a vinyl aromatic comiDound, 6 is a polymer segment composed 
mainly of a conjugated diene, and n is an integer of 1 or more, and wherein the boundary between A 
segment and B segment is not necessarily required to be clearly distinct), or block copolymers represented 
by the fbnnnulae: 



[ (B-A-hr-BJ 



I (A-B-hg-A-J- 



m+1 
m+1 



(wherein A and 8 are the same as defined above. X represents a residue of an initiator such as 
polyfunctional organic lithium compouiKl, etc,, or a coupling agent such as stUcon tetrachloride, tin 
tetrachloride, a polyepoxide such as epoxidized soybean oil. etc., a polyhalogenated hydrocartson. a 
c8rt>oxylic add ester, a pclyacid anhydride, a polyisocyanate. a polyakJehyde, a poly ketone, a polyvinyl 
compound, etc.. m and n are each an integer of 1 or more). In tfie above-described formulae, the polymer 
segment composed mainly of a vinyl aromatic compound represents a copolymer block of a vinyl aromatic 
compound and a conjugated diene containing 50 % by weigtit or more of a vtnyi aromatic compound and/or 
a vtnyl aromatic compound homopolymer block, and the polymer block composed mainly of a conjugated 
diene represents a copolymer block of a conjugated diene and a vinyl aromatic compound having a content 
of the coniugated diene exceeding 50 % by weight and/or a conjugated diene homopolymer block. 

A vinyl aromatic compound In the copolymer block may be distributed either uniformly or distntHJted in 
a taper. The portions uniformly distributed and/or the portions distributed in a taper may also co-exist In 
plural numbers in each block. 

The block copolymer to be used in tiie present Invention may be any mixture of the btock copolymers 
represented by the above-described formulae. 

The conjugated diene to be used in the present invention may include a dloleftn having a pair of 
conjugated double bonds, such as 1 .3-butadiene, 2-methy1-l,3-butadiene(isoprene), 2.3-dimethyl-1,3^utadi- 
ene. 1 .d-pentadiene. 1 .3-hexad'ier)e, etc. As particularly general ones. 1 .3-butadiene. isoprene are preferred. 
These can be used not only as a single type but as a mixture of two or more types. 

Examples of a vinyl aromatic compound to be used In the present invention may include styrene. o- 
methylstyrene. p-methylstyrene. p-tert-butylstyrene. 1 ,3-dimettiylstyrene. a-methylstyrene. vinyl naphtha- 
lene. vinyt anthracene and the tike. As a particulariy general one. styrene Is preferred. These can be used 
not only as a single type but as a mixture of two or more types. 

The content of vinyl linkages [V] can be controlled In the polymerization method by using an organk: 
lithium compound as the initiator in a hydrocarbon solvent by using a polar compound as the vinyl modifier 
and contnoQing the type and the amount of tiie polar compound used and controlling the polymerization 
temperature, etc. 

As the hydrocarbon solvent, there may be used aliphatic hydrocarbons such as butane, pentane. 
hexane. isopentane, heptane, octane. Isooctane, etc., alicyclic hydrocarbons such as cyciopentane. nrwthyl- 
cydopentane. cyclohexane, methylcyck>4iexanet ethylcyckihexane. etc.. or aromatic hydrocarbons such as 
benzene, toluene, etiiylbenzene. xylene, etc. As the organic lithium catalyst there may be included organic 
ntonollthKim compounds, organic dUKhkim compounds, organk: trilithium compounds etc. Specific examples 
of these may inchida ethyirrthium. n-propyllithium, isopropylDthium. n-butylKthrum. sec-butyllithium. tert* 
butylllttiiunf), hexamethylenedflithlum, butadienykjilithlum, isoprenykjilithium. and the like. As the polar 
compound, ttiere may be Included ethers such as tetrahydrofuran, dlethylene glycol dimettiyl ether, 
diethylene glycol dibutyl ether, etc.; amines such as trlethylamine, tetramethytethylenediamine. etc.; 
thioethers; phosphines; phosphoramides; aOcylbenzenesuffonte acid salts; potassium or sodium alkoxides, 
etc 

As the bk)cfc copolymer to be used In ttie present invention before hydrogenation. a block copolymer 
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having an atomic group containing a polar group bondad to at least one polymer chain tarminai of the block 
copotymer can be used. By bonding an atomic group containing a polar group to the polymer chain 
terminal, it is possible to improve the creep resistance charaderistk: of the adhesive composition, and to 
improve the compatlbiiiiy and the Impact resistance properties* etc, in the thermoplastic resin composition. 
This will also imprava the compatibility and the adhesh^ characteristics In the bituminous compo^tion. 
Herein, the atomic group containing the polar group refers to an atomic group containing a polar group 
containing at least one of the following atoms selected from nitrogen, oxygen, silicon, phosphorus, sulfur 
and tin. Specific examples may include atomic groups containing at least one polar group selected from 
carboxyl group, carbonyi group, thiocarbonyl group, add haTide group, acid anhydride group, cartiaxylic 
acid group, thiocarboxylic acid group, aldehyde group, thioaldehyde group, carboxyiic add ester group, 
amtde gmup, sulfonic acid group, sulfonic acid ester group, phosphoric acid group, phosphoric acid ester 
group, amino group, imino group, nitrile group, pyridyl group, quinotlne group, epoxy group, thioepoxy 
group, sulfide group, isocyanate group, isothiocyanate group, haiogenated silicon group, alkoxysiiicon 
group, haiogenated tin gfX3up» aikyttin group, phenyltin group, etc. More specifically, among the terminal- 
modified blocK copolymers descritjed in Japanese Patent Application No. 84839/1987, the terminal-modified 
block copolymars having a content of vinyl linkages within the range of the presem invention can be used. 
The termlnai<mod}fying treating agent for imparting an atomic group containing a polar group can be used 
in an amount of 0,5 to 2 mols, preferably 0.7 to t.3 mois per 1 atom equivaient of lithium metal at the 
tennlnal of the polymer chain. 

The specific hydrcgenated block copolymer to be used in the present invention may have a number 
average molecular weight of 5,000 to 1.000.000. preferably 10,000 to 800,000. more preferably 30.000 to 
300,000. and the number average moiecufar weight of the block copolymer before hydrogenation shouM 
preferably be controlled within this range. 

Next, the above*described block copolymer is subjected to hydrogenation reaction. As the catalyst to 
be used in the hydrogenation reaction, there have been known (1) the canled type heterogeneous catalyst 
having a metal such as Ni, Pt Pd, Ru, etc., canried on a carrier such as carbon, silica, alumina, 
diatomaoeous earth, etc. and <2) the homogeneous catalyst such as the so-called Ziegler type catalyst by 
use of an organic acid salt or an acetyl acetone salt of NI. Co. Fe, Cr, etc.. and a reducing agent such as 
organic aluminum, etc.. or the so-called organic complex catalyst such as organic metal compound of f^u. 
Rh. etc. As specifk: methods, according to the ones desalbed in U.K. Patent No. 1020720. U.S. Patent Nos. 
3333024, 3993655, 4501857 and 4673714. the block copolymer can be hydrogenated in the presence of a 
hydrogenation catalyst in an inert solvent to obtain a hydrogenated product, thus synthesizing the specific 
hydrogenated block copolymer to be provided for the present invention. In this reaction, it is necessary to 
control the reaction temperature, the reactkan time, the amount of hydrogen fed, the amount of the catalyst, 
etc., so that the hydrogenation may be effected to exhibit the hydrogenated ratio [A] of the total of the 
aliphatic double bond portions and the hydrogenated ratio [B] of the vinyl linkage portions, respectively, 
which originated from the conjugated diene compound In the block copoiynwr within the ranges specified in 
the present invention. The hydrogenated ratio of the aromatic double bonds which originated from the vinyl 
aromatic compound copolymerized In the polymer block A composed mainly of a vinyl aromatic compound 
or opttonaMy copolymerized in the polymer block B composed mainly of a con|ugated diene compound is 
not particulany limited, but It is preferable to control die hydrogenated ratio of the aromatic double bonds to 
20 % or less. 

The specific hydrogenated block copolymer to i^e used in the present invention or the specific 
hydrogenated product of the above-described terminal-modified block copolymer may also be modKtad with 
a,j9-unsaturBted carboxyiic acid or its derivative such as anhydride, esterified product amtdated product. 
Imldated product, etc, (hereinafter abbreviated as *a./5-unsaturaled carboxyiic add, etc."). As the modified 
product of the specific hydrogenated block copolymer ^hereinafter abbreviated simply as "modified btock 
copoiymer'^, one having generally 0.01 to 50 parts by weight, preferably 0.05 to 20 parts by weight, more 
preferably 0.1 to 10 parts by weight of a.^-unsaturated carboxylte acid. etc. grafted to per 100 parts by 
weight of the block copolymer can be used. 

Examples of a.i9-unsaturated carboxyiic acid. etc.. may Include maieic acid, maleic anhydride, mal- 
elnlmide. ftjmaric acM. itaconic add, acrylic add. methacryik; acid, acrylk; acM ester, methacrylic acid ester 
such as methyl methacrylate, glycklyl methacrylate. etc., crotonk: acid, a cis-4-cyck}hexerve-1,2-dk:arboxyllc 
ackl. or an anhydride or an imkle thereof, and an endo-cis-blcycto^2^.l}-5-heptene-2>dlcari)oxyIk; add. 
or an anhydride or an Imide thereof, eta. and among them, maleic anhydride, maieinimfde, giycidyi 
methacrytats are prefenred. 

A preparatk>n off ttie modified block copolymer may be perfOnmed in either a solution state, a molten 
state, or the like, and also In either the presence or absence of a radk»l initiator such as organic peroxkles. 
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etc, and not partlcuiarly limitative. However, it is not preferable to use a preparation method in which the 
modified block copolymer contains undesirable components such as gel, etc. or in which the melt viscosity 
of the copolymer Is remarkably increased to worsen processabillty. A preferable preparation method is 
exemplified by a method In which the at30ve-described block copolymer, a^^S-unsaturated carboxylic add, 

5 etc. are melted and kneaded in an extruder at ISO to 350 'C, preferably 170 to 300 'C either in the 
presence or absence of an organic peroxide. The modified block copolymer as obtained may be formed 
into an ionomer with monovalent or divalent or trivalent metal ions. Examples of organic peroxides may 
Include dicumyl peroxide, di-tert-butyl peroxide, tert-butylcumyl peroxide, 2.S-dimethyl-2.5-di- 
(tertbutylperoxyjhexane and 2.5-dimethyl"2,5-df(tert-butylperoxy)hexyne-3, n-butyl-4,4-bis(tert'butylperoxy)- 

10 valerate. 1.1-bis(tert-butylperoxy)-3,3.6-trimethylcyclohexane. etc. 

In the modified block copolymer thus obtained, unraacted o./3-unsaturated carboxylic acid, etc.. 
generally remain as an unreacted materiaj. The unreacted material may be compieteiy removed or left to 
remain as such. Particularly, when the modified block copolymer is formulated in the adhesive composition 
or the bituminous composition, for the purpose of towering the viscosity of the composition or improving 

ts disperstbtfity, or when the modified block copolymer is formulated in the thermoplastic resin, for the 
purpose of improving mutual dlsperdbility. It is preferable to permit the unreacted mster'iai to be co-present 
\n an amount of 0.01 to 10 parts by weight preferably O.OS to 5 parts by weight per 100 parts by weight of 
the modified block copolymer. 

The graft reaction may also be conducted in the presence of stabilizers such as various phenolic 

20 stabilizers, phosphoms-contalning stabilizers, sulfur-containing stabilizers, amine group containing stabiiiz- 
^^rs. etc. 

'The tackifter resin of the component (b) to be used in the adhesive composition of the present invention 
^^ay include those conventionalty used for hot melt tackifiers. etc as a tackifier resin, such as a coumarone- 
indene resin, a phenoTic resin, a p-tert-butylphenol-acetylene resin, a phenoKormaklehyde resin, a ten>ene* 

26 phenol rasin. a pdyterpene resin, a xylene-fonmaldehyde resin, a synthetic polyterpene resin, an aromatic 
hydrocarbon resin, an aliphatic cycUc^ydrocarbon resin, an oligomer of monootefin or diolefln. a hydroge- 
nated hydrocarbon resin, a hydrocarbon type tackified resin, polybutene. a polyhydric alcohol eater of rosin, 
a hydrogenated rosin, a hydrogenated wood rosin, an ester of a hydrogenated rosin with a monoalcohol or a 
polyhydric alcohol, a turpentine type tackifter, etc. More specifically, those described in "Chemicals 

30 Formulated in Rubbers and Plastics" (edited by Rubber Digest Co.) can be used. Particularly a preferable 
tacklRer resin Is a terpene type resin, an aromatic-compound-modified terpene resin, an alicyclic saturated 
petroleum resin, a rosin ester, a dispropotionated rosin ester, a completely hydrogenated rosin ester, an 
aliphatic petroleum resin (a Cs-aliphatic petroleum resin, Q,, C^ -aliphatic/aromatic petroleum resins, etc.), 
Cs^aromatic petroleum resins and a modified aliphatic petrofeum resin, to provide compositions having 

35 good initial tackiness. 

In the present Invention, the tackifier resin of the component (b) may be used suitably within the range 
of 20 to 200 parts by weight, preferably 40 to ISO parts by weight per lOO parts by weight of the specific 
hydrogenated block copolymer of the component (a). If the amount of tackifier resin formulated is outside 
this range, a tendency is observed that the adhesive properties of the adhesive tape, etc., by use of the 
40 adhesive composition as obtained Is lowered. 

In the adhesive composition of the present invention, a softener can be used. If desired. As a softener, a 
petroleum softener such as paraffinic oils, naphthenic oils, aromatic oils, etc., paraffins, fatty oil softeners, 
plasticizers. etc., spedflcaliy those described In "Chemicals Formulated in Rubbers and Plastics" can 
used. The softener may be used in an amount of not more than 150 parts by weight, preferably 5 to 100 
parts by weight per lOO parts by weight of the specific hydrogenated block copolymer of component (a). 
When the amount exceeds ISO % by weight, the creep resistance of the adhesive tape, etc. of using the 
adhesive composition obtained is kiwered, whereby the softener is undesirably bled out 

In the adhesive composition of the present inventk)n. as a reinforcing resin, in addition to polystyrene, 
polyethylene, polypropylene, ethylene-propylene copolymer, ethylene-butene copolymer, ethylene-vinyl 
80 acetate copolymer, thermoplastic resins such as thermoplastic polyester type resins having a relatively 
lower molecular weight polyamkie type resins, polyphenyiene ether type resins, etc.. can be fonnulated in 
an arnount of not more than SO parts by weight, preferably 2 to 40 parts by weight, more preferably 5 to 30 
parts by wefght per 100 parts by weight of the specific hydrogenated btock copolymer of component (a) to 
improve the creep resistance or hardness. When the amount of the reinforcing resin formulated exceeds 50 
ss) parts by weight the initial tackiness will be undesirably fc>wered. 

For the preparation of the adhesiva composition of the present inventton. various methods can be used. 
For example, melting kettle, kneadar, mixing roller, extruder, internal mixer, etc.. can be used. Kneading 
temperature in using these kneading devices may generally be 120 to 250 *C. preferably ISO to 220 * C. 
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Also, it can be prepared by dissolving in hydrocarbon type solvents, ether type solvents, ester type 
solvents, halogenated hydrocartxn type solvents, etc. Further. It can be prepared by mixing component (a) 
and component (b) in the form of a latex. 

In the adhesive composition of the present invention, so long as the characteristics of an adhesive 
6 composition are not lost other conver\tlonal eiastomers such as a natural rubber, a synthetic isoproprene 
rubber, a polybutadiene rubber, a styrene>butadiene rubber, a chioroprene rubber, an ethylene-propylene 
rubber, an acrylic rubber, a poiyisopreneisobutytene rubber, a polyper^tenamer rubber, or a vinyl aromatic 
hydrocartxjn- a conjugated diene block polymers other than those defined in the present invention may also 
be mixed In the composition. 

10 The thermoplastic resin of component (b) to be used in the thermoplastic resin composition of the 
present invention may include at least one vinyl aromatic hydrocarbon resin selected from the group 
consisting of a block copolymer resins of a vinyl aromatic hydrocarbon and a conjugated dfene containing 
60 to 95% by weight of a vinyl aromatic hydrocartson outside the scope defined in (a) of the present 
invention, a po(ymer of the above-described vinyl aromatic hydrocarbon monomer, a copolymer of the 

IS above-described vinyl aromatic hydrocarbon monomer with another vinyl monomer such as ethylene, 
propylene, butylene, vinyl chloride, vinylidene chlortde, vioyi acetate, acrylates such as methyl acrylate, 
methacrylates such as methyl methacry/ate, acrylonrtrife, methacrylonftrlle. etc., rubber modified styrenic 
resin (HIPS), etc.; polyethylene resins such as polyethylene, a copolymer of ethylene with another monomer 
copolymerizabie therewith containing 60% or more of ethylene, for example, ethylene-propylene copolymer. 

20 elhylene-vinyl acetate copolymer and hydrolyzates thereof, ethylene-acrylic acid ionomer or chlorinated 
polyethylene; polypropylene resins such as polypropylene, a copolymer of propylene with another mon- 
omer copolymerizable therewith containing 50% or more of propylene, for example, propylene-ethylene 
copolymer, propylene-ethyl acrytate copolymer or chlorinated polypropylene; polybutene resins such as 
polybutene-1 . a copolymer of buter^l with another monomer copolymerizable therewith; polyvinyl chloride 

26 resins such as polyvinyl chloride, polyvinyiidene chloride, copolymers of vinyl chloride and/or vinylidene 
chloride with another monomer copolymerizable therewith containing 50% or more of vinyl chloride and/or 
vinylidene chloride: polyvinyl acetate resins which are a copolymer of vinyl acetate with another 
copolymerizable monomer containing 50% or more of vhriyl acetate, and hydrolyzates thereof; polyacrylale 
resins such as a poiymer of acrylic acid, an ester or an amide thereof, and that of methacrytic acid, an ester 

00 or an amide thereof, a copolymer with another copofymerizable monomer containing 50% or more of a 
monomer of the acrylic acid or the like; nitrfle resins such as a polymer of acrylonltriie andrbr 
methdcrylonitrile, a copolymer with anoltier copolymerizable monomer containing 50% or more of a 
monomer of the acrytonftrlle or tha like: potyamide raslns such as a linear polymer comprising the 
constituent units of the polymer bonded through repetition of amide linkages, for example, a ring^pened 

36 polymer of c-aminocaprolactsm or «*-mlnolaurol8Ctam. a polyoondensate of c-amlnoundecanoic add. a 
polycondensata of hexamethyienecfiamine with di£»asic acids such as adipic acid, sebadc acid, etc.; 
polyester resins such as a linear poiymer comprising the con stituent units of the polymer tranded through 
repetition of ester linkages, fdr example, condensed product between dibasic acid such as phtfiallc ackj. 
isophthalic add or the (ike or derivatives thereof and a giyooUc component such as ethylene glycol. 

40 propylene glycol, butylene gtyool or the like: a polyphenylene ether resin or a grafted polyphenylene ether 
resin having a vinyl-substituted aromatic hydrocarioon graft polymerized thereon; polyphenylenesuiflde 
reSln: a polyacetal resin such as a copolymer of polyoxymethylene, trioxane and alkylene oxide, etc.; 
polycarbonate resins such as a linear poiymer comprising the constituent units of the polymer bonded 
through repetitksn of carbonate ester type linkages, for example, polvrmers as obtained by a reaction 

46 between dihydroxy compound such as 4,4'-dihydroxydlphenyialkane. 4.4 •dihydroxy-diphenylsulflde. or the 
like and phosgene, or polymers as obtained by an ester exchange reaction between the above-<lescribed 
dihydroxy compound and diphenyi carbonate; polysulfone resins such as pofyether sulfone, polyaryi 
suilbne. etc; thermoplastic polyurethane resins as obtained by poiyadditfon reaction between a ditsocyanata 
component and a glycoi component; poiybutadiene resins such as trans-poiybutadiene, 1.2-poiybutadiene, 

50 etc.; pofyketone resins; pofyarylate resins wttich are a poiyoondensation poiymer comprising bisphenol A 
and phlhaiic acki components; fluorine resins having the structure of a chain hydrocarbon polymeric 
compound of which a part or all of hydrogens are substituted with fluorine; polyoxybenzoyi resins, 
poiyimkie resins: and so on. Tliese thennoplastic resins have numtier average molecular weights generally 
more than 1,000. preferably in the range of 5,000 to 5.000,000, more preferably 10.000 to 1.000,000. 

55 Specific examples of suitable polar thenmoplastic polymers in the present Invention Include those as 
described bslow.*^ 



9 



EP0298 499 A2 



(1) Polymers containing aliphatic unsaturated carboxyllc adds: 

The polymer containing an aliphatic unsaturated carboxylic acid to be used in the present invention is a 
copolymer of an afiphatic unsaturated carboxylic acid with another copciymerizable monomer. Exanfiples of 
aliphatic unsaturated carboxylic acids may include monocartioxylic acids such as acrylic acid, methacrylic 
add. etc.. dicarboxylic acids such as fumaric acid, maieic acid, itaconic acid, etc., dicarboxylic anhydrides 
such as maieic anhydride, itaconic anhydride, etc. Examples of another copolymerizable monomer may 
include the above-described vinyl aromatic hydrocarbons such as o-methylstyrene. p-mothylstyrene. ester 
derivatives of the above-described a/iphatic-unsaturated carboxylic acids with Cr • Ci 2 alcohols, amidated 
derivatives, imidated derivatives of aliphatic unsaturated carboxylic acids, nitrile monomers such as 
acrylonitrile, methacrylonitrite. etc., vinyl acetate, vinyl chloride, vinylidene chloride and others. The weight 
ratio of tt)e aliphatic unsaturated carboxylic acid to another copoly merizabie monomer may be generally 
1/99 to 50/50. preferably 3/97 to 40/60. Also, rubber-modified polymers obtained by making natural rubber, 
butadiene rubtjer, styrene-butadiene rubber, ethylene-propylene copolymer rubber, ethylene-propylene- 
diene monomer-copolymer rubber, etc. to co-exist during the polymerization of aliphatic unsaturated 
carboxylic acids with another copolymerizable monomer can be utilized. 

Particularly suitable polymers containing aliphatic unsaturated carboxylic adds may include copolymers 
comprising 14 to 94% by weight of methyl methacrylate. 5 to 86% by weight of acrylic acid or methacryilc 
add and 1 to 70% by weight of a vinyl aromatic hydrocarbon (weight average molecular weight of 50,000 to 
S00.000. preferably 70,000 to 200.000), copolymers comprising 3 to 50% by weight of acrylic acid or 
methacrylic acid and 50 to 97% by weight of a vinyl aromatic hydrocarbon (weight average motecular 
weight of 100.000 to 500,000, preferably 150.000 to 400.000) and copolymers comprising 3 to 45% by 
weigtit of maieic anhydride and 97 to 55% by weight of a vinyl aromatic hydrocarbon (weigfit average 
molecular weight of 100.000 to 600,000, preferably 150.000 to 400.000). 



(2) Polyarnkte polymers: 

The polyamide polymer to be used in the present invention may be a polycondensate of dicarboxylic 
add and a diamine, a polycondensate of a>aminocart)oxyllc acid, a polymer produced by ring-opening 
polymerization of cyclic lactam, etc.. including specifically nylon-4e» nylon-6. nylon-6e, ny(Qn-6lO, nylon-It, 
nylon-12, etc. copolymers thereof, namely nylon-B-nylon-Be copolymer, nylon-6-nyion-l2 copolymer etc. 
The polyamtdas should preferably have a number average molecular weight of 200 to 50.000. preferably 
1.000 to 30.000t havfng a melting point of ISO to 270 * C. 



(3) Polyester polymers: 

The polyester polymer to be used In the present invention is a thermoplastic one. The polyester 
polymer contains ester llnlcages In the molecule, and representativo ones are polyesters having a structure 
In which a dicarboxylic add is polycondensed with a glycol or a blsphenol. and these can be obtained by 
potycondensatlon of a dicartsoxyiic acid or lower ester thereof, acid halide or acid anhydride thereof with a 
glycol or a bisphenol. Examples of aromatic or aliphatic dicartwxylic acids which are starting materials of 
the polyester may Include oxalic add, malonlc acid, succinic acid, glutaric acid, pimeific acid, suberic add. 
ediptc add, sebacfc acid, azelaic add, 1 ,9-nonana-dicarboxytic add. LlO-decane-dicarlxixylic acid. 1,16- 
hexadecane-dicarboxylic add, terephthalic acid, isophthalic add. p.p'-dicarboxyldiphenyl, p-cartwxy- 
phenoxyaoetic add. 2.6^aphthalene-dlcarboxyiic add. etc.. and they can be used according to any desired 
combination. Among mem, terephthalic acid and isophthalic acid are particularly preferred. 

The glycd (or dlol) which Is the other starting material for the above-described polyester may include 
aliphatic or aromatic ones, and examples thereof may indude ethylene glycol, l.3-propane diol 1.2-pfopane 
did. 1,4-butane diol, 1.8-hexane dlol. 1,4<yctohexane diol, l.iO-decane diol. neopenlyl glycol, p-xylene 
glycol blsphenol A, etc., and they can be used individually or In any desired combination. Among them, an 
aUcylene glycol having 2 to 10 carbon atoms is prefeffed, particularly ethylene glycol. 1.4-butane diol. Useful 
of the above polyesters comprising the dicarboxylic acid units and glycolic units are poiyethylenephthalate. 
polytHJtytanephthalate and those In which a part of these monomer units are replaced with other monomer 
units. 

The polyesters havo molecular weights of 500 to 100.000. preferably 5.000 to 50.000. 

The method for polymerization of the polyester is not particularly limitative, but polymerization can be 
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conducted in a convontional manner. There is the method in which the above acid component, for example, 
terephthalic acid, (sophthalic acid, an aliphatic dicartxsxylic acid or an ester derivative thereof is subjected to 
direct esterlfication or ester exchange reaction at the same time or stepwise with at least one of the glycols 
as described above, followed by polymerfzation» or subjected to polycondansation with a dicarboxylic acid 

5 chloride. In carytng out this nr\ethod, various conventional catalysts, stabilizers, modifiers and additives 
customarily used can be used as desired. 

As other useful polyesters, there may be also employed cyclic lactones, for example, poiylactones 
obtained by ring opening polymerization of pivalolactone, ^-propiolactone. «-caprolactone, etc. 

These polyester polymers have their molecular terminal ends of hydroxyl groups or carboxyl groups, 

10 further deactivated by the reaction with monafunctionai alcohol or monofunctional carboxylic acid, in the 
present invention, the polyester polymer should preferably have a functional group at a part cr all of the 
molecular terminal ends which is capable of reacting with the functionat group of the modified block 
copolymer as described above. The polyester containing such functional groups has remarlcably improved 
compatibility of the composition through the reaction of a part thereof with the modified block copolymer. 

ts The above polyester polymer can be used not only as a single type but in combination of two or more 
types. 

The thermoplastic poiyester polymer as referred to In tho present invention Is also incluslvo of, kw 
crystalline polyesters having melting points lower than those, and polyether ester block poymers having 
hard segments and soft segments wHhln the same molecule. In addition to polyesters used for ftbars, films. 
20 resins, etc. such as polyethyleneterephthalate. 



(4) TT^enmoptasffc potyurethane polymer: 

25 The thenmoplastic polyurethane polymer to be used In the present invention may i>e classified into a 
complete tftermopiastic type and ar^ incomplete thermoplastic type depending on the synthetic conditions 
thereof, and the types are determined t>y a mofar ratio of OH groups of the bifunctionai polyol and glycol 
and NCO groups of the diisocyanate in the starting materials; those synthesized at a ratio of about 0.95 < 
NCO/OH ^ 1 are a complete thermoplastic type, and those synthesized at a ratio of about 1 < NCCVOH < 

00 1 .1 are an incomplete thenmoplastic type. As a thennoplasttc polyurethane as described above, there may 
be Included, for example, one comprising a block of a polyoi (polyester or poiyether) and a diisocyanate as 
a soft segment and a block of a diisocyanate and a glycol as a hard segment 

Examples of a polyester dioi of the above^lescribed starting material may include po)y(i,4* 
butyleneadipate). po)y(1 ,6>hexanaadipate), polycaprolactone, etc.. and examples of a poiyether diol may 

as Include polyethylene glycol, polypropylene glycol, polyoxytetramethylene glycol, eta Further, a glycol may 
be exemplified by ethylene glycol, 1,4-butane diol, l.d-hexane diol. etc., and dlisocyanates may include 
aromatic, aficyciic and aliphatic ones, such as totylene diisocyanate^ 4,4'-diphenyimethane diisocyanate. 
hexamethytene diisocyanate. isophorone diisocyanate, etc. 

Other than the thennoplastic polyurethane elastomers as described above, even a polyurethane 

<o polymer used for adhesives. foams, paints, etc. can be also used for the composition of the present 
Invention, if it has sufficfent compatibility with the speciftc hydrogensted block copolymer and/br a modified 
one thereof which is the component (a) of the present invention. 

As a thermoplastic polyurethane, those having molecular weights of 5.000 Id 500.000. preferably 10.000 
to 300.000 can be favourably employed from the view-point of mechanical characteristics. 

45 

(5) Vinyl alcohol polymer 

The vinyl alcohol polymer Is a polynrter composed of vinyl ak»hol units or a copolymer comprising vinyl 
so alcohol units, which ts b polymer obtained by partial saponification or complete saponification of a vinyl 
ester polymer by using an alkali. Ethylene-vinyl alcohol copolymer Is synthesized from the corresporuJing 
ethylene-vinyi acetate copolymer as the starting material, and an ethylene-vinyl acetate copolymer having a 
vinyl acetate content of 0.5 to 80 mol% is generally used. The above-described polymer has about 10 to 
100 nnol% of the vinyl acetate units saponified to be converted to an ethylene vinyl ateohot copolymer. In 
«5 the prasent inventton. various polyvinyl alcohols or olefln-vinyi alcohol copolymers can be employed, but an 
ethylene-vinyl alcohol copolymer is preferable in an aspect of processat>lilty and mechanical properties. 
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(6) Polyoxymethylene polymer: 

Examples of the polyoxymethylene polymer may include homopolymers produced by polymerization of 
formaldehyde or trioxane. or copolymers composed mainly of the above-described monomer. It is generally 
practiced in the art that homopolymers are modified by converting the terminal groups of the polymer into 
ester groups or ether groups to improve heat resistance or chemicaf resistance. The copolymer may 
include copolymers of formaldehyde or trioxane with arK>ther aldehyde, a cyclic ether, a cyclic carbonate, 
an epoxide, an isocyanate, a vinyl compound, etc. 

(7) Polycarbonate polymer: 

Preferably used as the polycarbonate polymer ia an aromatic polycarbonate having structural units of 
the general fonnula: 

O 

1 1 9 

— f O-Ar-^-A-Ar-^-O-C — 

or 

O 



39 



r 1 « T 
— 0«Ar^-O-C -j 



wherein Ar' represents a phenylene group or a phenyiene group substituted with an alkyl. subst'tuted alkyl. 
alkoxy, halogen or nitro group, A represents an alkylene group, an alkylidene group, a cycloalkyleao group. 
^ a cycloalkyjidene group, sulfur, oxygen, sulfoxide group or sulfone group. A particularly preferable example 
Is poly-4,4'-dloxy-dlphenyl-2.2'-propanecart)onate. 



(8) Polysulfone polymer 

Preferably used as the polysulfone polymer is a thermoplastic polysulfone having the structural units of 
the formula: 



^ tAr^-B-Ar^-S02-3 

or 

— E-Ar^-S02-9 — 

4S 

wherein Ar^ represents a phenylene group, and B represents oxygen, sulfur or an aromatic did residue, a 
bisphenol residue. Partlculary prdfBrat>le examples may include poiy<ether sulfone). poly(4.4-bisphenol ether 
sulfone), polyCthfoether sullone). 

so 
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(9) Poiphenylene ether polymer 

The polyphenytene ether polymer is a phenylene ether polymer having the structural unit of the 
formula: 




wherein R\ represent Ci * aikyi group, substituted alkyi group or halogen; or a grafted polypheny lene 
ether copolymer havfng a styrenic compound graft polymerized onto said phenytene ether polymer. The 
styrenic compound to be used for grafting may include styrene. a-methylstyrene, methylstyrene, tort- 
tnjtyistyrene. chlorostyrene, etc., and they may be made coexist In two more types, and I'f desired, other 
copdymerizable vinyl compounds such as acrylic add ester, methacrylic acid ester, acrytonitrlle, 
methacryldnitrne can be used in combination for co-graft polymerization. A preferabte phenylene ether 
polymer is poly<2.6-dimethyM,4-phenylene)6ther. and its preferable graft modified product is a styrene* 
grafted copolymer of safd polymer. 



(10) Polyaryienesulflde polymer: 

The polyarylenesulfide polymer is an aryiene sulfide polymer or copolymer having the structural unit of 
the general formula: 

— Ai«-S -J 

wherein Ar^ represents a phenylene group or a phenylene group substituted with an alkyI or substttuted 
alkyI group. Preferable examples may include polyphenyienesulfide. poly-4,4 -dipheny lenesulfide. etc. 



(11) Polyketone resin: 

The polyketone resin Is a polyether ketone polymer or copolymer having the structural unit of the 
general tbnmula: 

-t- Ar3-0-Ar3-COAr3-0 -J— . 

-t- Ar»-Af«-0-Af«.CO-Ara-0 -3— , 
or -f- Ar3-D-Ar3-0-Ar»-CO-Ara-0 ^ 

wherein Ar^ is the same as defined above. D represents oxygen, sulfur, -SOa-. -CO-, an alky lene group, a 
biphertol group. A preferable example is a polyether ether ketone. 



(12) Polyarylate resin: 

The polyarylate resin is a polyester resin comprising diphenol, and is produced according to a method 
in which an acetic acM ester of bisphenol and a carboxylic add, or btsphenol and a phenol ester of 
dicarboxyllc acid are reacted in a molten state at high temperature, a method in whteh a dicarboxylic add 
dichloride and bisphnol are reacted in an organic solvent in the presence of an amine as an acid eliminating 
agent or a nnethod In whtoh a dicarboxyHc add dichiorfde and bisphenol are dissolved respectively In two 
types of solvents incompatible with each other, the two liquids are mixed while stirrtng in the presence of an 
Blkatl and a condensation reaction is effected at the rntacface therebetween. A prefierat>(6 example Is a 
polycondensate of bisphenol A with phthallc add component. 
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(13) FUJOrin© resin: 

The fluorine resin is a polymer having the structure of a chain hydrocarbon polymer o1 which a part or 
ail of hydrogens are substituted with fluorine. Specific examples may include potytetrafluoroethylene. 
5 tetrafluoroethylene-perfluoroallcyivinyl ether copolymer, tetrafluoroethylene-hexafiuoropropylene copolymer, 
potychlorotrifluoroethylene, tetrafiuoroethylene-ethytene copolymer, polyvinylidene fluoride, polyvinyl- 
fluoride, etc 



10 {14} PoiyoxyOenzoyI resin: 

The polyoxybenzoyi rasin is a polymer having p-oxybenzoic acid as a monomer unit, and can be 
produced by solution polycondensation or melt poiyoondensation by using p-hydroxyt)enzoic acid, tersph- 
thalic acid, isophthalic acid, 4.4'-dihydroxy-diphenyl or derivativas thereof. Preferable examples may include 
15 homopofymers of p4iydroxybenzoic add. copolymers of p-hydroxybenzoic acid and terephtharic acid and or 
Isophthalic acid, 4,4'-dlhydroxydiphenyl. 



<15) Pofyimida resin: 

- 20 

The polyimide resin is a resin having imide linkage in the main chain, including linear polyimides as 
represented by poly(hydroxydiphenytene-pyrQme(IIttmtde). and addition hardening type as represented by 
polyaminobismaleimide. The former is also irwlusive of a polyamide imida or polyether imide containing 
amide linkage or ether linkage in addition to imide (inkage. The anear polyamide is obtained by the 

25 condensation reaction of an aromatic polyhydrlc cartxixylk: anhydride or its derivative with an aronnatic 
diamine, and the addition hardening type polyimide is obtained by the addition reaction of bismaietmide 
with a diamine or a biscyanate. Preferable examples may include polyimide. polyaminot^lsmaleimkte* 
(polybismaleimide). bismaleimide-triazine resin, polyamide imide. polyether imide. etc. 

In the present invention, the above-described suitable thermoplasific polymers may be used in 

30 combination of two or more kinds. 

Also, the atx>ve<{escnbed suitable thermoplastic polymer can be used in combination with polystyrene 
type polymers as described at>ove, otherwise polyethylene type polymers, polypropylene type polymers, 
polybutylene type pjolymers, polyvinyl chloride type polymers, polyvinyl ester type polymers, polyacrylate 
type polymers, polyacrytonitriie type polymers, etc. 

35 When the specific hydrogenated block copolymer and the above-described thermoplastic polymer are 
used in combination in the thermoplastic resin composition of the present invention, the amounts formulated 
can be varied variously depending upon the desired charcatenstics of the compositiDn, and the specific 
hydrogenated block copolymer and the thermoplastic polymer can kje used at the weight ratio ranging from 
89/1 to 1 99. preferably 95/5 to 5/96. The thermoplastic polymers may be used as a combination of two or 

^0 more types at any desired ratio. 

Specifically, when the specific hydrogenated block copolymer is used as a modifying material for ttie 
thermoplastic resin, the weight ratio of the specific hydrogenated block copolymer to the thermoplastic 
polymer may be generally 2-98 to SCXSO. preferably 5/95 to 40/60. On the other hand, when the strength, 
hardness, etc. of the specific hydrogenated block copolymer are intended to be improved, the weight ratio 

45 of the specific hydrogenated block copolymer to the thermoplastic polymer may be generally 40/60 to 973. 
preferably 50/50 to 90/10. 

In the thermoplastic resin composition of the present invention, inorganic fillers and/or organic Fillers can 
be formulated. Specific examples of such fillers may include cak^ium carbonate, clay, silica. 2inc white, 
magnesium cartwnate, magnesium siircate. talc, diatomaceous earth, dolomite, mrca powder, almlnum 

50 sulfate, barium sulfate, graphite, glass fiber, carbon black, a resin having high styrene content, coumarone- 
indene resin, phenol-formaldehyde resin, modified melamine restn, petroleum resin, lignin. wood powder, 
carbon fiber, etc. The filler may be employed In an amount of 1 to 200 parts by weight, preferably 10 to 
150 parts by weight per 100 parts by weight of the specific hydrogenated block copolymer (a). 

Also, in the thermoplastic resin composition of the present invention, a softener can be formulated. 

55 Specific examples thereof may include lubricant oils, paraffinic process oils, naphthenic process oils, 
aromatic process oils, paraffin, petrolatum, asphalt fatty oils softener (castor oil, cottonseed oil. rapeseed 
oil. soybean oil, etc), sub, rosin, fatty acid, etc.. the softener may be employed in an amount of not higher 
than 200 parts by weight generally 20 to 100 parts by weight preferably 40 to 80 parts by weight per 100 
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parts by weight of the specific hydrogenated block copolymer (a). 

Further, in the thermoplastic resin composition of the present Invention, crossllnWng agents such as 
organic peroxides, inorganic peroxides, etc., pigments such as titanium white, cexton black, iron oxide, 
flame retardants, antioxidants, UV-ray absorbers, antfbiocking agents, antistatic agents, lubricants, plasticiz* 
5 era and extenders or mixtures thereof can be formulated. Specifically, the compounds as described In 
"Practical Handbook of Additives tor Plastfcs and Rubbers" (Kagaku Kbgyo Co.) can be used as the 
addithres. 

When the thermoplastic resin compositkin of the present invention is to be used as the base material 
for shoe sole. It is possible to utilize a composition comprising 5 to 150 parts by weight, preferably 10 to 

10 100 parts by weight of a thermoplastic resin, 10 to 200 parts by weight, preferably 20 to 150 parts by 
weight of an Inorganic fitter andftsr an organk: filler, 0 or not more than 200 parts by weight namely 0 to 200 
parts by weight, preferably 20 to 100 parts by weight of a softener fbnmulated per 100 parts by weight of 
the specific hydrogenated block copolynner as defined in the present invention, as one which is suitable. 
In the present invention, the thermoplastic resin composition can be prepared according to various 

16 types of conventionally known formulation methods. For example, there may be emptoyed melting and 
kneading methods using kneading machines in genera) such as an open roti, an intensive mixer, an internal 
mixer, a cokneader, a continuous mixing machines equipped with biaxial rotars. an extruder, eta, methods 
In which the respective components are mixed by dissolving or dispersing in a soivem, followed by removal 
of the solvent by heating. The kneading temperature in the melting and Kneading method can be selected 

20 variously depending upon tf^e characteristics of the tiiem\opiastic resin emptoyed. but may be generally' 
120 to 350 * C, preferably 150 to 300 * C. 

As a bituminous material of component (b) to be used in the bituminous composition of the present 
invention, ttiere may lie included by-products during petroleum refining such as petroleum asphalt or those 
ot>talned as a natural product such as natural asphalt, or mixtures tiiereof witii petroleums, of which the 

SB main component is called bitumen. As specific examples, straight asphalt semi-bkwvn asphalt blown 
asphalt tar, pitch, cutback asphaR added with oil. asphalt emulsion, etc., can be used. They can be used as 
a mixture. 

The preferable bituminous material In the present invention is a straight asphalt having penetration of 30 
to 130. more preferably 45 to 120. By use of the material with penetratton in this range, a compostion 

30 having excellent softening point, elongation and strength properties can be obtained. 

The weight ratio of component (a) to component (b) in the bituminous composition in ttie present 
invention may be 99/1 to V99, preferably 97/3 to 3^7, more preferably 95/5 to S/85. In \Sne bituminous 
composition of the present invention, when improvement of the bituminous material is intended. It is 
recommendabie to fbnnutate about 1 to 500 parts by weight preferably about 3 to 100 parts by weight. 

OS more preferably about 5 to 70 parts by weight of component (a) per 100 parts by weight of ti)e bituminous 
nnaterial of component (b). On the ottier hand, when improvement of the characteristics of component (a) is 
intended, it is recommended to fomnutate about l to less tiian 20 parts by weight preferably about 3 to 15 
parts by weight of component (b) per 100 parts by weight of tiie spedfte hydrogenated block copolymer of 
component (a). 

40 In the bituminous composition of the present invention, any desired additive can be formulated In any 
desired amount, if necessary. Types of the additives may include inorganic filters such as clay, talc, calcium 
carbonate, zinc oxide, glass Ijeads, etc.; aggregates such as crushed stone, gravels, sand, etc.; fibrous 
reinforcing materials such as glass fiber, asbestos, etc; organic reinforcing agents such as carbon black; 
tacklfler resins such as coumarone-lndene resin, terpene resin, etc.; softeners such as parrafinic. naphthenk: 

45 and aromatic oils; thermoplastic resins such as polyolefin resin, polystyrene resin, polyvinyl chloride resin, 
etc.; natural rubbers, synthetic rubbers such as poiybutadlene rubber, a styrene-butadiene rubber, a nitille 
rubk>er, etc.; and the tike. 

In tiie bituminous composition of the present invention, a mixing of component (a) and component (b) or 
otfier additives, etc. can \3e practiced according to various methods which are not particularly limitative, and 

so however tt^e following metiiod is simple. That is, tiie bituminous material is melted by heating, and 
component (a), etc., Is added tiiereinto in a predetermined amount, followed by mixing with stirring, or 
alternatively, ttie bituminous material and component (a), etc., can be kneaded by a Bumbury mixer or an 
open roll mill to prepare a masterbatch, which Is tiien added and mixed into Uie bituminous material melted 
by heating to prepare tiie mixture. Also, tiie bituminous material and component (a), etc.. may be added 

S5 and mixed into a heating style kneader to prepare tt^e mixture. In titese methods, the kneading temperature 
may be generally 120 to 250 ' C, preferably 150 to 220 * C. Component (a) may be preferably used in a 
form of crumbs, pellets .or powder. 

In tiie bkick copolymer composition of ttie present invention, particuiariy tt)e adhesive composition, for 
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the purpose of further improving the treatment performance at high temperature, it is possible to add at 
least one stabilizer selected from phenoiic stabilizers, phosphorus-containing stabilizers, sulfur«containing 
6tab)ltze/8 or amine-group-containing stabilizers. The stabtiteers may each be added in an amount generally 
of 0.01 to 5 parts by weight preferably COS to 3 parts by weigfit based on 100 parts by weight of the 
5 specific hydrogenated block copolymer of component (a). 

Preferable phenolic stabilizers nnay include at least one stabilizer selected from the followtng formulae 
W-CVIIL 




wherein, Ri represents an alltyl group having 1 to 4 carbon atoms. R2 an aJicenyl group having 2 to 4 
certKtn atoms. Ra a tert-butyi group or a cyclohexy) group. hydrogen or an alkyi group having 1 to 18 
carbon atoms. 

Specific examples of the above-described substltuent Rt may include methyl, ethyl, propyl. Isobutyl. 
tert-butyi groups, particuiarty preferably methyl or tert-butyl group. Ra is an aikenyl having 2 to 4 carbon 
atoms, specifically ethenyt, IsopropenyK propenyt. isobutenyl. butenyl groups, particularly preferred is 
ethenyl group. Prsferable as R3 is tert-butyi group. Specific examples of the substituent R* n)ay include 
hydrogen, methyl, ethyl, propyl, butyl group, particularly preferably hydrogen or methyl group. 
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RgCHjCHjCORg IIVI 



<R5CH2CH2COCH24^C . [VI 
0 



R5CH2— ^3~^3 ^ ^ ^ 

OH3 ^^2^S 



S-Rg 

Rg-NH-^ N [VIII 



s 



S-Rg 



wherein R^ represents 



C(CH3)3 
OH 



0(^3)3 



Rs on aikyi group having 2 to 22. preferably 4 to 20 carbon atoms. Particularly, in formula [IV]. Be is 
preferably an octadecyl group, while in formula [VII], Rs is preferably an octyl group. 

Specific examples of phosphorus-containing stabilizers may include tris(nonylphenyl)phosphite, cyclic 
neopentanetetraylbls-ioctadecyfphosphlte). tr1s{2,4-di-tert-butylphenyl)phosphite. 4.4-butyIidene-bis(3- 
methy[-6-tert-butylphenyl-<£-tridecyl)-phosphite. 4.4'-biphenylenedlpho8phinic acid tetrakis<2.4-dl-tert-biityl- 
phenyl), cyclic neopentanetetraylbi9<2,4<IHert-butylphenyOpho8phite, etc. 

Specific examples of suifur-containlng stabilizers may include dHauryh3.3'-fhiodipropfonlc acid ester, 
dlmyri8tyl-3.3-thiodtproplonic acid ester, dlstearyl-3.3 -thiodlpropionic add ester, laurylstearyl-3,3'- 
thlodfproplonlc acid ester, ditrldecyl'3,3'-thlodlproplonlc acid ester or the compounds represented by 
fomnulae [VIM]. [IX] 
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(R7SCH2CH2COOCH2 ) tVIII 1 




R,SCHCH-CH:^ |> [IX J 



JS wherein R7 represents an aikyi group having 3 to 20 carbon atoms, specifically hexyl. octyf. dodecyl, 
octadecyl group, etc.. particutariy preferable is an dcdecyl group, Ra and each represent hydrogen atom 
or an aikyi group having 1 to 18 carbon atoms, particulariy preferable are hydrogen and a methyl, ethyl, 
propyl and butyl groups. Specific examples of the compounds represented by the formulae [Vlll] or [IX] 
may include pentaerythritol-tetrakis-(laurylthiQprQpionateK 3^-bt8<2-dQdecylth(oethylh2.4.8JO-tetreoK8spiro- 

20 {5,5]undecane. 3,8-bis(2Kx:tadecylthiopropyl)*2,4,8.l0-talra-oxaspiro(5,5Hjmlacane. 

Among the block copolymer compositions of the praseni invention, the adhesive composition is 
excellent In initlaf tackiness, adhesive strength, creep resistance and treatment perfonnance at high 
temperature, and. being characterized with these specific features, the adhesive composition can be utilized 
for various adhesive tapes, labels, pressure-sensitive adhesive thin plates, pressure-sensitive adhesh/e 

25 sheets, back paste for fixing various llghi-weight plastics molding, back paste fior fbcing carpets, back paste 
fbr fixing tiles, and is particularly effective for adhesive tapes and labels. Also, the adhesive composition of 
tfie present bwentfon can t>e used as an adhesive for plastic, rubbery materials, foams, metals, woods, 
paper products, etc. 

Among the block copolymer compositions of the present invention, the thermoplastic resin composition 
30 having exceOant impact resistance, compatibillty» moldability at high temperature and low temperature 
characteristics can be utilized for various applicatkm in which having such characteristics is desirable. The 
thermoplastic resin composition of the present Invention can be processed by molding such as extrusion 
molding, injection moMing, blow molding, etc Into a sheet, a film, a foamed product and various forms of a 
injectk)n molded product a blow molded product, a pressure foaming product, a vacuum molded product. 

39 etc. Such can be used for food packages and containers, domestic electrical articles, automobile isarts. 
industna) articles, toys, etc. Also, these compositions can be utilized for footwares such as various shoes, 
sandals, etc. 

Among the block copolymer compositions of the present invention, the bituminous composition can be 
utiiized for appticatiorra in which having excellent balanced characteristics such as a softening point 

40 penetration and strength, as well as excellent low temperature properties, heat aging resistance are 
desirable. That is. by adopting a suitable amount of component (al in the composition, it can be utilized for 
practically all uses for which a bituminous material can be used, such as for road pavement, water-proof, 
rust prevention, coating of automobile base, for roofing, for pipe coating, for a joint, etc., and in the 
respective uses, it can contribute to an improvement of temperature-sensitive performance, in resistance to 

49 plastic detormation, in impact resistance and in durability. 

S<AMPLg8 

50 The present invention Is described in more detail by referring to the following Examples, but these 
Examples are set forth for showing the excellent effects obtained by the present Invention and not intended 
to limit the soope of the present invention. 
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Examples 1 - 3 and Comparative Examples 1 - g 

Under nltroQen gas atmosphere, to a cycJohexane solution (a monomer concentration of 20 wt%) 
containing 10 parts by weight of styrene. n^butylKthium and tetramethylethyienediamine as a polar 

6 compound were added and polymerization was carried out at 60 ' C for one hour, and then a cyclohexane 
solution containing 80 parts by weight of butadiene was added, followed by polymerization at 60 * C for 2 
hours. Then, a cyclohexane solution containing TO parts by weight of styrene was added and polymerfzation 
was carried out at 60 * C for one hour. The arnount of telramethylenecfiamine added was varied so that the 
vinyl linlcage content prior to hydrogenation of the butadiene portion In the t>lock copolymer obtained 

to became the value as shown in Table 1 . and the amount of n-buty(iifhium added was controlled so that the 
specific hydrogenated copolymer finally obtained had a melt flow of about 10 g/10 mln. (temperature 200 
* C. load 5 kg. JIS K6870). 

Next, the biocl< copolymer as obtained above was hydrogenated with a Tl system hydrogenation 
catalyst composed of bis(cyclopentadienyl)tjtanium dichloride-alkyltithium as disclosed in U.S. Patent No. 

T6 4.501.857 to obtain a specific hydrogenated block copolymer having the hydrogenated ratio [A] of the whole 
of butadiene portion and the hydrogenated ratio [B] of the vinyl linkage portion as shown in Table 1. To 100 
parts by weight of the specific hydrogenated block copolymer were added 1.0 part by weight of a phenolic 
stabilizer of the above-described formula [IV] in which R« is octadeoyi group (hereinafter abbreviated as 
"AO-I") and 0.5 part by weight of trls(nonylpheny()-phosphite. The hydrogenated ratio was measured by 

20 using a nuclear magnetic resonance device. 

Next, a hot melt adhesive composition was prepared by formulating 100 parts by weight of a taclcifier 
(YS-resin TO- 105, produced by Yasuhara Yushi) and 30 parts by weight of a naphthenic process oil (Sonic 
Process Oil R-200. produced by Kyodo Sekiyu) with 100 parts by weight of each specific hydrogenated 
block copolymer. 

26 The adhesive composition thus prepared was applied on a kraft paper subjected to back treatment to 
prepare a kraft adhesive tape, and the foilowing performance evaluation was conducted. The initial tackiness 
was measured according to the J. Dow method [Proc. inst. Rub. Ind.. 1.105 (1854)] by plastering an 
adhesive tape of 10 cm in length to a slope on a stainless-steei plate slanted at an angle of 30 degrees, 
making bails made of stainless steel having 32 kinds of sizes from 1/3 inch to 1 inch in diameter roil down 

30 at a initial speed of 0 from a position on the slope at 10 cm atx)ve the upper erKl of the tape and 
represented by the sire of a ball having the maximum diameter among t>alls which stopped on the adhesive 
tape. The adhesive strength was measured according to JIS Z-1522 by plastering a adhesive tape having 
25 mm width x 100 mm length on a stainless-steef piate. and peeling off the tape at 23 *C at a speed of 
300 mnrvmin. In the direction of 180*. The creep resistance was measured according to JIS Z-1524 by 

36 plastering an adhesive tape in contact with a stainless steel plate at an area of 25 mm x 25 mm. and 
measuring the time before the adhesive tape is slipped off under application of a load of 1 kg at 60 * C. 

The treatment performance at high temperature was examined by preparing a kraft adhesive tape 
according to the same method as above after heating in air ttie above-descrit>ed hot melt adhesive 
composition at 200 ' C for 46 hours, and measuring its adhesive characteristic. 

40 The results are shown in Table 1 , and it can be seen that the adhesive compositions within the range 
defined by the present invention exhibit good initial tackiness, adhesive strength, creep resistance and 
treatment perfonmance at high temperature. 
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Examples 4 and 5 

6 

Adhesive compositions were prepared according to the same method as in Example 2 except for 
changing the amounts of the tackifiers and softeners formulated as shown In Table 2 and using 0.5 part by 
weight of a phenolic compound of the above-descrit>ed formula [I] wherein Ri Is methyl group, R2 is 
ethenyl group, R3 Is tert-butyl group and R* is hydrogen (hereinafter abbreviated as "AO-2") and 0,5 part by 
10 weight of trls(2,4-dl-tert-butyl-phenyl)phosphlte based on 100 parts by weight of the specific hydrogenated 
block copolymer, and their performances were evaluated. The results were shown In Table 2. *^urther. the 
adhesive compositions of Examples 4*1 and 4-11 were found to have the same Initial tackiness and creep 
resistance as tMfore heating even after heating at 200 * C for 48 hours. 

16 
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Examples 



so Examptes 6, 7 and Comparative Examples 7 and 8 

Based on 100 parts by weight of the specific hydrogenated block copolymers shown in Table 3, lOD 
parts by weight of the tacklfiers shown in Tabie 3. 30 parts by weight of a softener (Sonic ProcBss Gi\ R- 
200), 0.5 part by weight of AO-1. 0.5 part by weight of AO-2 and 0.5 part by weight of a suifur-containing 
66 stabilizer of the above-described formula [Vni] wherein H7 is dodecyl group were formulated to prepare 
adhesive compositions, and their pertormances were evaluated. The results were shown in Table 3. 

The adhesive compositions of Examples 6 and 7 were found to have the same initial tackiness and 
creep resistance as before heating even after heating at 200 * C for 48 hours. 



22 



EP0299 489A2 



56 



Adhesive properties 


Creep 
resist- 
ance 


in 

ON 


o 


O 


O 

C4 


> u ^ 
•^4 00 8 
« e u 
fl) «) 


o 

OS 


§ 

IN, 




O 


Ball 
tack 

V WW . / 




o 






o 

O 

*rt 

•o ^ -d 

0 U 0 


Alicyclic 
saturated 
petroleum 
resin 
(Mote 2) 


Modified 
aliphatic 
petroleum 
resin 
(Note 3) 


specific hydrogens ted block copolymer, etc. 


la 


CM 




CM 

— < 

CM 


ao 
00 


tn 


Hydcog- 
enated 
ratio 
{Bl (X) 


o 

so 


tn 

ON 


»A 




{ ^ 

60*9 M 
O U O '^-^ 

>i fl « < 
^ 99 U 


in 
M 


3 


o 


CO 


Vinyl 

linkage 
[ content 
1 (vl (%) 


Q 
M 




Styrene 
content 

(wtX) 


S 


o 
tn 


Polymer 
structure 


41 


CO 




i 




X 
H 


a" 



n> u -H 

•H CO 

K u 

o • « 

B a 

^ ^ 4J 

o 



S C8 

^ w 

« 4J V 

-u «t 8 

O >* 

73 ^ -•I 

<M O 

0 0 0 

•H X! U 

« -« 

o • n 

5 « s 

4) 4) C 

Q '.<( W 
^ M 

4t O U 

A «0 tt 



« a 



I- 

O 3 « 

D.*P« O. « « 

o a ^ u 

u a tq 

o c j< o 

^ .H » (9 

X SB C 

a • < a 

O w >s X 

^ % JO b3 

u 

C "9 00 tj >i 

*j ^ u 

e w w 3 

o «) 3 « 

U B O O U 

JO U 

CO w p 

14 U « O Oi 



9 

u o "^a- 
o o c^ 

ca •o w 



S « 

b» u od 
« .H U 
a 64 



23 



EP 0 299 499 A2 



Example 8 and Comparative Examples 8 and 10 

s * 

A adhesive composition was prepared by formulating 100 parts by weight of a specific hydrogenated 
block copolymer of a styrene-isoprene block copolymer, having ABA structure, a styrene content of 15% by 
weight, a block styrene content of 10% by weight a vinyl linkage content prior to hydrogenatlon (total 
amount of i;Z-linkage and d.4-linkage} of 15%, a melt flow of about 5 g.10 min. and two tapered random 

10 copolymer portions in the B segmem with 100 parts by weight of a tackrfier (Quinton U-1 85. produced by 
Nippon Zeon). 30 parts by weight of a softener (Sonte Process Oil R-200). 0.5 part by weight of a phenolic 
stabilizer of the above-described formula [V], 0.5 part by weight of a phenolic stabilizer of the above- 
described formula [VII] wherein Rs is octyi group and 1 .0 part by weight of a sulfur-containing stabilizer of 
the above-described formula (IX] wherein R7 is dodecyl group, Rs and Ra are hydrogen atoms, and its 

15 performance was evaluated. The results were shown in Table 4. The adhesive composition of Example 8 
was found to be a composition having excellent treatment performances at high temperature, having the 
same performances as before the heat treatmem after the treatment at 200 * C fbr 12 hours. 
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Example 9 

In cycohexane, before deactivating the block copofymer having the same polymer structure, styrene 
content and vinyl linkage content as \t\ Example 2 polymerized by using n-butylHthlum as a catalyst, it was 
made react with 4,4 -bis{diethylamino}benzophenone in an equimolar amount to that of n-butyllithium used 
to prepare a tenminal modified block copolymer having the reaction residue of said compound bound to the 
terminal end of the polymer chain. Then, a hydrogenation reaction was conducted according to the same 
method as described above to obtain a specific hydrogenated block copolymer having the same levels of 
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hydrogenated ratio [A] and the hydrogenated ratio [B] as in Example 2. 

Next, an adhesive composition was prepared in the same manner as in Example 2 except for using said 
specific hydrogenated block copolymer as the specific hydrogenated block copolymer, and its perfor- 
mances were evaluated. As a result the ball tack was 24, the adhesive strength 880 g/cm and the creep 
5 resistance 355 min. Thus, an improvement of the creep resistance as compared with Example 2 was 
recognized. 



Example 10 

10 

0.5% by weight of maleic anhydride was gafted to the same specific hydrogenated block ccpoiymer as 
used in Example 2 according to the method as described in U.S. Patent No. 4.292,414 lo obtain a nnodified 
btock copolymer in which 0.2% by weight of onreacted maleic anhydride existed as mixed therein. 

Next, an adhesive composition was pn&pared according to the same method as in Example 2 exc^t for 
IS using said modified block copolymer as the specific hydrogenated block copolymer, and its perfbrmances 
was evaluated. As a result, the bail tack was 24, the adhesive strength 950 g^cm and the creep resistance 
480 min. Thus, an improvement was recognized in adhesive strength and creep resistance as compared 
with Example 2. 

20 

Examples 11 « 13 and Comparative Examples 11-14 

Thenmoplastic resin compositfons were prepared by using the same speciTic hydrogenated bkxk 
copolymers as in Example 1 to 3. 

28 60 Parts by weight of a polyphenylene ether <PPE) (an intrinsic viscosity of 0.6, measured at 25 ' C by 
using a dichtoromethane solution). 2S parts by weight of a polystyrene (PS) and 15 parts by weight of a 
specific hydrogenated block copotymer were melted and kneaded by an extruder at 290 * C to prepare 
pellets. Then, the pellets were injection molded at 31 0 * C to obtain test pieces. 

The results of measurement of the physical properties of the respective compositions are shown in 

30 Table 5. from which it can be seen that the compositions formulated wHh the specific hydrogenated block 
copolymers have excellent impact strength, compatibility and heat aging resistance. The compositions of 
Btamples 11-13 were found to have an Izod impact value retentivity (impact value retentivity when the 
innpact value at 23 'C is made 100%) of about 38% at -20 "C. On the contrary, the compositions of 
Comparative Examples 13 and 14 were found to have an izod impact value retentivity of about 18%. Thus, 

39 the compositions of the present invention were superior in low temperature properties. 
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Comparative Exampte IS 

The same type of the block copolymer as used in Examples 11 to 13 except that a vinyl linkage content 
before hydrogenation was 83% were hydrogenated according to the same method as descrit>ed above to 
obtain a specific hydrogenated block copolymer having a hydrogenated ratio [A] of the whole of butadiene 
portion of 30%, a hydrogenated ratio [B] at the vinyl linkage portion of 38%. 
10 By using the block copolymer as obtained above, the same composition as in Examples 11 to 13 were 
obtained. Said compositton. though having good compatibility and heat aging resistance, was found to have 
a retentivity of Izod impact strength at * 20 *C of 1S%« thus being inferior in low temperature properties. 



IS Examples ; 18 and Comparative examples 16 : 18 

The compositions formulated with the specific hydrogenated block copolymers and the thermoplastic 
resins shown In Table 6 were prepared, and their physical properties were measured. The results were 
shown in Table 6. 

20 
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Examples 17 ^ 23 and Comparative Examples 19-25 

5 

Compositions formulated with a specific hydrogenated bbck copolymer having a hydroger>ated ratio [A] 
of the whole of butadiene portion of 25% and a hydrogenated ratto (B] of the vinyl linkge portion of 60%. 
which were produced by hydrogenatiori of a block copolymer having BSBS structure having a styrene 
content of 40% by weight and a vinyl linkage content before hydrogenation of 20% according to the same 
w method as described -in Examples 1 to 3, and thermoplastic resins were prepared as shown in Table 7, and 
their physical properties were measured. The results were shown in Table 7. 

In Comparative examples, the unhydrogenated block copolymer was employed. 
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Exampies 24 • 26 and Comparative Examples 26 • 30 

s Under a nitrogen gas atmosphere, 0.08 part by weight of n-butyllhhium and 1.5 parts by weight of 
tetrahydrofuran as a polar compound were added into a cyOohexane soJution containing 30 parts by weight 
of styrene, and after potymerization at 70 * C for 1 hour, further a cyclohexane solution containing 25 parts 
by weight of 1 .3-butadien8 and 45 parts by weight of styrene was added thereinto, followed by polymeriza- 
tion at 70 * C for 2 hours. The block copolymer obtained was found to contain 75% by weight of styrene 

10 and 25% of a vinyl linkage content In the butadiene portion. 

Next, the block copolymer as prepared alx)ve was hydrogen ated according to the same method as 
described In Examples 1 to 3 to obtain a specific hydrogenated block copolymer having a hydrogenated 
ratio [A] of the whole of butadiene portion of 32% and a hydrogenated ratio [B] of the vinyl linkage portksn 
of 70%. To 100 parts by weight of the specific hydrogenated t>lock copolyryier as obtained ware added 

16 each 0.5 part by weight of octadecyl-3H3«5-di-Cert-butyl-4-hydroxvphenyf)propk)nate and tris(2.4-di-tet- 
butytphenyOphosphlte. and thereafter the solvent was removed by evaporation. 

Next, according to the formulation shown In Table 8, compositions compristng the above-described 
specific hydrogenated block copolymer and thermoplastic resins were prepared, and their physical prop* 
ertles were measured. The results were shown In Table 6. 

20 In Comparative Examples, the above-dsscrfbed block copolymer before hydrogenated was used as the 
block copolymer. 
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Examples 29 - 34 and C?ompafaBve Example 31 

6 Under a nitrogen gas atmosphere. 0.11 part by weight of n-butyilithium and 02 pan by weight of 
tetrahydrofUran were added into a cyclohexane solution containing 15 parts by w^ght of 1,3-butadlene afKl 
20 parts by weight of styrene, and after polymerization at 70 * C for 2 hours, further a cyclohexane solution 
contining 45 parts by weight of l,3-butadiene and 20 parts by weight of styrene was added to carry out 
polymerization at 70 *C for 2 hours. The active terminal ends of the pclmer obtained were made react 

w respectively with the terminal treating agents shown in Table 9 in an equal molar amount to that of the n- 
butyllithium employed, to obtain terminal modified block copolymers having a styrene content of 40% by 
weight and a vinyl linkage content of the tHitadiene portion of 17%. 

Next, the teminai modified block copolymers obtained above were hydrogenated with the rtrodium 
system hydrogenatlon catalyst composed of rhodium triphenylphosphlne complex as disclosed in U.$. 

T6 Patent No. 3,693,855 to obtain the specific hydrogenated terminal modified block copolymers, each having 
a hydrogenated ratio [A] of the whole of butadiene portion of 15%. a hydrogenated ratio [6] of the vinyl 
linkage portion of 65%. To 1 00 parts by weight of these polymers were added each 0.5 part by weight of 2- 
tert-butyl-6-{3-tert-butyl-2-^ydroxy-5-melhyl-benzyl)-4-methylphenylacry!ate and tri8(2,4-dl-tert- butyhphe- 
nylhphosphlte, and then the solvent was evaporated by heating. 

30 Next, 25 parts by weight of the above specific hydrogenated terminal modified copolymers and 75 parts 
by weight of a methyl methacrylate/styrene/methacrylic cid copolymer (respective constituent nwnomer 
weight ratio: 6S/15/20. weight average molecular weight: at>out 100.000) were melted and kneaded to be 
molded into test pieces. The results of evaluation of performances of the respective compositions were 
shown In Table 9. 

2B In this connection, the block copolymer used in Comparative Example 31 was one having hydrogen 
atom bonded to the tenninai end by treatment of the above-described block copolymer having lithium at the 
terminal end with methanol, and was not hydrogenated. 



Table 9 

30 



Terminal treating agent (notched) 


Physical properties of composition 








Izod impact strength 


(Note 8) Tensile 


(Note 8) 
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29 


1 ,3-dimethyl-2-(midazolldinone 
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55 




30 


N.N'-dimethylpropylene urea 


3.1 


440 


50 




31 


N-methyl- -caprolactam 


2.9 


445 


45 




32 


EpQxIdlzed soybean oil 


ZJ 
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30 




33 


Benzaldehyde 


2.5 


450 


30 




34 


(-Caprolactone 


^3 


456 


30 


Comp. Ex. 


31 


Methanol 


1.0 


485 


10 



^ Note a : According to JIS K6a71 



so Examples 35 - 37 and Comparative Examples 32 • 34 

A block copolymer of SIS structure having lithium bound at one terminal end of the polymer, containing 
15% by weight of styrene and 15% of the vinyl linkage (total amoum of vinyl groups and isopropenyl 
groups In the side chains) of the isopnsne portion, was made react with tetraglycidyl ntetaxyfenedlamine in 
ss an amount equimdar to that of the butyinihium employed for polymerization of said block copolymer to 
obtain a terminal modifled block copolymer. 

Next, tfie terminal modified block copolymer obtained above was hydrogenated with the same rhodium 
system hydrogenation catalyst as described In Bcamples 29 to 34 to obtain a specific hydrogenated 
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terminal modified btock copolymer having a hydrogenated ratio [A] of the whole of isoprene portion of 12% 
and a hydrogenated ratio [B] of the vinyl linkage portion of 50%. Said block copolymer was melted and 
kneaded with themioplastic polyurethanes to prepare compositions. These compositions were adhered with 
pressure to polyvinyl chloride sheets at 180 *C. and the peeling strength was measured. The results were 
5 shown in Table 10. 

m this connection, the block copolymer used in Comparative Example was obtained by treating the 
above-described active block copolymer having lithium at the terminal end with methanol, and no 
hydrogenation was applied thereon. 

10 Table 10 
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11.4 
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9.5 
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Note 9 : According to JIS K6854. 
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Examples 38-40 and Comparative examples 35-40 

30 

A specific hydrogented block copolymer having a hydrogenated ratio [A] of the whole of butadiene 
portion of 25% and a hydrogenated ratio [B] of the vinyl linkage portion of 58% was obtained by 
hydrogenating a btock copolymer of BSBS structure containing 40% by weight of styrene and a vinyl 
linkage of the butadiene portion before hydrogenation of 35% with ihe same Tl system hydrogenation 

3s catalyst as described in Examples 1 to 3. To 100 parts by weight of said block copolymer were added 2 
parts by weight of 2-tert-butyI-6-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-4-methylphenylacrylate. and there- 
after the solvent was evaporated by heating. 

Next after 100 parts by weight of the above-descrfbed specific hydrogenated block copolymer were 
mixed with 4 parts by weight of maleic anhydride, the mixture was fed into a vented extruder to affect the 

40 modification reaction at 260 *C. The unreacted maleic anhydride was removed through the vent The 
modified specific hydrogenated block copolymer was found to have an amoum of grafted maleic anhdride 
of 0.9% by weight 

For comparison, the above-described block copolymer before hydrogenation was modified with maleic 
anhydride according to the same metfx»d as desatbed above to obtain a modified unhydrogenated block 
45 copolymer with an amount of grafted maleic anhydride of 1% by weight. 

Further, for comparison, according to the same hydrogenation method as described above, a com- 
pletely hydrogenated block copolymer having a hydrogenated ratio {A] of the whole of butadiene portion of 
substantially 100% was obtained. 100 Parts by weight of said block copolymer. 2.5 parts by weight of 
maleic anhydride and 0.2 part by weight of a peroxide (Perhexa 25B) were mixed and then fed into a vent 
50 extruder to effect the modification reaction at 250 *C. The modified completely hydrogenated btock 
copolymer was found to have an amount of grafted maleic anhydride of 1 .2% by weight 

Compositions comprising thermoplastic resins shown in Table 11 and the above modified btock 
copolymers were prepared, and their physical properties were measured. The results were shown in Table 
1 1 . from which it can be seen that the compositions of tlie present invention have good impact resistance at 
55 tow temperature as well as exoeilen heat aging resistance. 
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Example 41 and Comparative Example 41 

A mixture of 100 parts by weight of the block copolymer shown in Table 12. SO parts by weight of a 
naphthenic process oil. 50 parts by weight of a polystyrene (Styron 679. produced by Asahr Kasei). 55 parts 
5 by weight of heavy calcium carbonate, 5 parts by weight of titanium oxide and 0.5 part by weight of zinc 
stearate was Icneaded by a pressurized kneader to prepare a compositfon. which was then injectton moided 
by a 5-ounce in[ection molding machine. The properties of the products obtained were shown in Table 12. 
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Exampies 42 > 46 

Accoftitng to the formulation recipes shown in Table 13, compositions comprising specific hydroge- 
nated block copolymers, thermoplastic resins and glass fibers (short fit)ers of diameter 9 m, length 6 mm) 
were prepared. The properties of the compositions obtained are shown in Table 13. 

In these experiments, the block copolynner used in Example 42 was a modified specific hydrogenated 
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btock copotymer grafted with 0.5% by weight of glycidylmethacryUc add ester onto the same specific 
hydrogenated block copolymer as used in Examples 38 - 40. The modified specific hydrogenated block 
copolymer used in Examples 45 and 46 was the same as the modified specific hydrogenated block 
copolymer used In Examples 38 to 40 except that the amount of grafted mateic anhydride was 0.3% by 
weight 
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Example 47 

5 

Under a nitrogen gas atmosphere, 0.06 part by weight of n-butyilithlum and 2 parts by weight of 
tetrahydrofuran were added into a cyclchexane solution containing 35 parts by weight of styrene and, after 
polymeization at 70 * C for one hour, a cyclohexane solution containing 7.5 parts by weight of 1 .3-butadl6ne 
and 7.5 parts by weight of styrene were added therernto to carry otrt pofymerizatron at 70 ' C for one hour. 
10 Then, a cycJohexane solution containing 7.5 parts by weight of 1 .d-butadlene and 7.5 parts by weight of 
styrene was added to carry out polymerization at 70 ' C for one hour, and further a cyclohexine solution 
containing 35 parts by weight of styrene was added to carry out polymerization at 70 * C for one hour. The 
block copolymer obtained was found to contain 85% by weight of styrene and a vinyl flnicage of 33% in the 
butadjene portion. 

15 Nextr the block copolymer obtained above was hydrogenated according to the same method as 
described In Examples 1 to 3 to ol^tain a specific hydrogenated copolymer having a hydrogenated ratio [A] 
of the whole of butadiene portion of 45% and a hydrogenated ratio [B] of the vinyl linkage portion of 86%. 
To 100 parts by Weight of said block copolymer were added 2 parts by weight of phenotfifazine as a 
stabiUzer, 

20 The above specific hydrogenated block copolymer can be fonnulated at about 15% by weight into a 
polyarylate resin, a fluorine resin, a polyether ether ketone, a polyoxybenzoyl, a polyether imide, a 
pofyamfdeimide. a bismaleimlde resin, a polysulfbne, a pofyelhersuffbne. a pofyphenylene sufTide. respec- 
tively, to change flow characteristics and modify Injection moklability. 

25 

Examples 46 - 50 and Comparative Examples 42-46 

By using the same specific hydrogenated t>tock copolymers as in Examples 1*3, bituminous 
compositions were prepared. 
30 With 90 parts by weight of straight asphalt (Stoas 68/80). 10 parts by weight of the block copolymers 
shown in Table 14 were formulated to prepare composftions, and their performances were evaluated. The 
results were shown in Table 14, from which it can be seen that the compositions of the present invention 
which formulate the specific hydrogenated block copolymers have excellent low temperature properties* 
heat aging resistance, and have good softening point and penetration. 
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Examples 51. 52, and Comparative Examples 47 and 48 

The specific hydrcgenated block copolymers shown In Tabte 15 were formulated Into straight asphalt 
according to the same method as in Examples 48 to 50 to prepare compositions. The results of evaluating 
the performancea of the compositions obtained are shown in Table 15. 
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Example S3 and Comparative Examples 49 and 50 

A composition was prepared by formulating 5 parts by weight of a specific h/drogenated block 
copolymer of a styrene-isoprene block copolymer having ABA structure, a styrene content of 15% by 
weight, a block styrene content of 10% by weight, a vinyl linkage content before hydrogenaton (total 
amount of 1.2-linkage and 3.4«linkage) of 15%. a melt flow of about 5 g lO min. and two tapered random 
copolymer portions in the B segment, with 95 parts by weight of a straight asphalt (Stoas 60 80K The 
results evaluating the properties of the composition otitained are shown in Table 16. 
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Examples 54 * 78 and Comparative Example 51 

Under a nitrogen gas atmosphere, 0.11 part by weight of n-buty I lithium and QJ2 part by weight of 
tetrahydrofuran were added Into a cyclohexane solution containing 15 parts by weight of 1 .3-butadiene and 
20 parts by weight of styrene. and after polymerization at 70 ' C for 2 hours, further a cyclohexane solution 
containing 45 parts by weight o1 1 .3'butad)ene and 20 parts by weight of styrene was added to carry out 
polymenzation at 70 ' C for 2 hours. The active temiinal ends of the polymer obtained were allowed to 
react with the terminal treating agents shown in Table 17 in amounts equimolar to that of the n-butyllithium 
used for polymerization, respectively, to obtain terminal modified block copolymers containing a styrene 
content of 40% by weight and a vinyl linkage content in the butadiene portion of 17''&. 

Next, the terminal modified btock copolymers obtained above were hydrogenated with the rhodium 
system hydrogenatlon catalyst as in Examples 29 to 34 as disclosed in U.S. Patent No, 3.993,855 to obtain 
specific hydrogenated terminal modified block copolymers, respectively, having a hydrogenated ratio [A] of 
the whole of butadiene portion of atiout 15% and a hydrogenated ratio [6] of the vrnyl linkage portion 
thereof of about 65%. To 100 parts by weight of these polymers, each 0.5 part by weight of 2-tert-butyl'^ 
f3-tert-biJtyI-2-hydroxy-5-methylbenzyl)-4-niethylphenylacryfatB and tris(2,4-di-fBrt- butyl-phenyi)phosphite 
were added, and then the solvent was evaporated by heating. 

Next according to the recipes shown beknv. the compositions containing the bItunrUnous material of the 
present invention, and comparative compositions were obtained by mixing at 200 ' C for about one hour. 



Formulatton ratio of composition 


Parts by 




weight 


20/30 Blown asphalt 


15 


Specific hydrogenated terminal modified block copolymer or unmodified btock copolymer 


15 


Heavy calcium cart^nate 


60 


Fine powdery silica 


10 



The charactaristics of the compositions obtained were shown in Table 17, from which it can be seen 
that the composHtons of the present inventton have more excellent tensile strength, teanng strength and 
heat aging resistance, as compared with the composittons of Comparative exannples. 

In this connectkm. the btock copolymer used in Comparative Bcampte 51 had hydrogen botvded at the 
terminal end which was obtained by treating the above^escnbed block copolymer having lithium at 
terminal end of the polymer with methanol, and was not hydrogenated. 
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Examples 79. 80 and Comparative Exannptes 52 and S3 

Compositions were obtained according to Uie same method as in Examples 54 to 78 except for 
changing partially the kind of the block copolymer, the Mnd of the terminaJ treating agent and the amounts 
of asphalt and the specific hydrogenated terminaJ modified block copolymer as shown in Table 18. The 
properties of the compositions obtained are shown in Table 16. 

In Example 79, there was employed a specific hydrogenated terminal modified block copolymer (a 
hydrogenated ratio [A] of the whole of butadiene portion of 35%, and a hydrogenated ratio [B] of the vinyl 
linkage portion of 70%) prepared by hydrogenatlon of a tenninally modified block copolymer which was 
obtained by the reaction of a block copoiymer of ABAB structure having a styrene content of 30% by 
weight a vinyl linkage content before hydrogenaton in the butadiene portion of 20% and fu-lher having 
lithium bound at one terminal end, with the terminal treating agent shown in Table 18 at one molecule per 
one teminai lithium according to the same method as described in Examples 54 to 78. In Example 80, there 
was employed a specific hydrogenated terminal modified block copoiymer (a hydrogenated ratio [A] of the 
whole of butadiene portion of 18%. and a hydrogenated ratio [6] of the virtyl linkage portton of 68%) 
prepared by hydrogenatton of a terminally modified block copoiymer which was obtained by the reaction of 
a block copolymer of ABA structure havirig a styrene content of 80% by weight a vinyl linkage content 
before hydrogenatlon in the butadiene portion of 15% and further having lithium bound at one temiinal end. 
with the terminal treating agent shown in Table 18 at one molecule per one tenminal lithium according to tfw 
same method as described above. 

The block copolymers used in Comparative Examples 52 and 53 were obtained respectively by treating 
the above-described block copolymers having lithium at termina} ends of the polymers, with methanol to 
have hydrogen atoms bonded at the terminal ends, and were not hydrogenated. 

Table 18 
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Example 81 and Comparative Examples 54 and 55 

A bk)ck copolymer of BABA structure having a styrene content of 40% by weight and a vinyl linkage 
content in the butadiene portion of 35% was hydrogenated with the same Ti system hydrogenation catalyst 
as described above to obtain a specific hydrogenated block copolymer having a hydrogenated ratio (A] of 
the whole of l3utddiene portion of 25% and a hydrogenated ratio [B] of the vinyl linkage portion of 58%. To 
100 parts by weight of said block copolymer were added 2 parts by weight of 2-tert-butyl-6-{3-tert-butyl-2- 
hydroxy-5-methylbenzylH-methylphenyl acrylale. and then the solvent was evaporated by heating. 

Next, after 100 parts by weight of the above-described specific hydrogenated block copolymer and 4 
parts by weight of maleic anhydride were mixed, the mixture was fed into a vented extruder and the 
modification reaction was carried out a1 260 * C. The unreacted mateic anhydride was removed through the 
vent The modtfted specific hydrogenated bk)ck copolymer obtained was found to contain an amount of 
grafted malelc anhydride added of 0.9% by weight 

For comparison, ttie above-described block copoiymer before hydrogenation was modified with maieic 
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anhydride according to the same method as described above to obtarn a modified unhydrogenated block 
copolymer having an amount of grafted maleic anhydride of l% by weight. 

Further, for comparative purpose, a completely hydrogenated block copolymer having a hydrogenated 
ratio [A] of the total of butadiene portion of substantially 100% was obtained according to the same 
hydrogenation method as described above. After 100 parts by weight of said block copolymer, 2.5 parts by 
weight of maleic anhydride and 0.2 part by weight of a peroxide (Perhexa 25B) were mixed together, the 
mixture was fed into a vented extruder to carry out the modification reaction at 250 'C. The modified 
completely hydrogenated block copolymer was found to have an amount of grafted maleic anhydride of 
1.2% by weight 

According to the following recipe, the compositions containing the bitummuous material, of the present 
invention and of Comparative Examples, were obtained respectively by mixing the block copolymers and 
the materials at 200 * C for about one hour. 
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20/30 Blown asphalt 
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Modified specific hydrogenated block copolymer, etc. 


10 


Heavy calcium carbonate 


60 


Fine powdery sirica 


10 



The characteristics of the compositions obtairMd were shown in Table 19. 
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Example ^ 

An asphalt containing composition was prepared, comprising 25 parts by weight of the same modifted 
specffic hydrogenatBd block copolymer as used in Example 81. 40 parts by weight of a straight asphalt 
5 (Stoas SOrlOO), 25 parts by iveight of an aliphatic petroleum resin <Quinton 0-165. produced by Nippon 
Zeon) and 10 parts by weight of a polyethylene wax. Said composition was sandwiched between a cotton 
canvas and a steel plate, and was acftiered with pressure by means of pressure rolls at ISO *C. Said 
composition exhibited a peeling strength of 7 kg/25 mm. 

Example 83 

A mbber asphalt was prepared by mixing 95 parts by weight of a 60.80 straight asphalt and 5 parts by 
weight of the same specific hydrogenated block copolymer as used in Example 49. Next, an asphalt 
rs combined material for road pavement was prepared by mixing the rubber asphalt with aggregates at about 
200 * C. The aggregates were formulated so that the content of the rubber asphalt as a binder in the 
comtHned materia} was about 5% by weight 

The combined material had heat aging resistance, stability, tow temperature characteristic and abrasion 
resistance, and was suitable as the asphalt mixture for road pavement 



Claims 

1. A composition comprising. 

25 (a) 1 to 99 parts by weight of a specific hydrogenated product of a block copolymer having at least 

one polymer block composed mainly of a vinyl aromatto compound and at least one polymer block 
composed mainly of a conjugated diene compound, a modified product which comprises said product 
modified with an v,j3-unsaturated cariaoxyb'c add or a derivative thereof, or a mixture of said product and 
said modified product, wherein the content of the vinyl aromatic compound prior to hydrogenation is 5 to 95 

30 % t}y weight and a content of vinyl linkages [V] originating from the conjugated d'rene compound prior to 
hydrogenatton is 10 to 80 %. said product satisfying the folkming conditions: 

(1) the hydrogenatk)n ratio [A] of the total amount of aliphatic double bonds which originated from the 
conjugated dIene compound is not lower than 5% and is tower than 60 %, and 
<2) [BJTV]' « = 3 to 20. 

35 wherein [B] is the hydrogenation ratio of ffte vinyl linkages originating from the conjugated diene 

compound; and 

lb) 99 to 1 parts l>y weight of at least one thermoplastic 8ut>stance selected irom the group 
consisting of tackifier resins* thermoplastic resins and bituminous materials. 

2. The composition according to Claim l . wherein when the thermoplastic substance of component (b) 
40 is a tackifier resin, the amount of component (b) is 20 to 200 parts by weight per 100 parts by weight of 

component (a), and wherein when the themnoplastic substance of component (b) is a thermoplastic resin or 
a bituminous material, the weight ratio of component (a) to component <b) is 99/1 to 1>99. 

3. The composition according to Claims 1 or 2. wherein component (a) is the modified product of the 
specific hydrogenated product 

46 4. The composition according to any of the claims 1 to 3, wherein component (a) is the modified 
product of the specific hydrogenated product which is modified with 0.01 to 50 parts by weight of an a,fi- 
unsaturated carboxyfic add or a derivative thereof per 100 parts by weight of said product, 

5. The composition according to any of the ciaims 1,3 or 4, wherein at least one member of the a. ^- 
unsaturated carboxylic acid or the derivates thereof is selected from the group consisting of maleic acid. 

v50 maleic anhydride, malelnlmide. fumarlc acM. itaconic add, acrylic add, methacryiic ackj. aciylic add ester, 
methacrylic add ester, crotonic add, a ds-4-cyclohexene-l .2<licartx>xyllc acid, or an anhydride or an imkje 
thereof, and an endo-cis-bicydo-{2.2.11-5-heptene-2.3-dicarboxylic add, or an anhydride or an imide 
thereof. 

6. The composition according to any of the claims 1 to S.whereln the block copolymer of component (a) 
55 comprises a polar group which includes at least one atom selected fi^om the group consisting of N. O. Si. P. 

S and Sn bonded to at least one terminal end of the polymer chain. 
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7. The composition according to Claim 6, wherein the at least one member of the polar group Is 
selected from the group consisting of carboxyi group. cartx)nyl group, thfocarbonyl group, acid halide 
group, acid anhydride group, carboxyiic acid group, thiocartjoxylic acid group, aldehyde group, thioal- 
dehyde group, carboxyiic acid ester group, amide group, sulfonic add group, sulfonic acid ester group. 

5 phosphoric acid group, phosphoric acid ester group, amino group, Imino group, nitrile group, pyridyl group, 
qulnofine group, epoxy group, thioepoxy group, sulfide group, Isocyanate group, isothiocyanate group, 
silicon halide group, alkoxy silicon group, tin halide group, alkyltin group. phenyJtin group. 

8. The composition according to any of the claims 1 to 7, wherein component (a) is based on a block 
copolymer in which the content of the vinyl aromatic compound (s in the range of 5 to 60 % by weight. 

10 9. The composition according to any of the claims l to 7, wherein component (a) is fused on a block 
copolymer in which the content of the vinyl aromatic compound is in the range higher than 60 % and not 
higher than 95 % by weight 

10. The composition according to any of the claims t to 9.wherein component (b) is at least one 
tacidfler resin seiected from the group consisting of terpene type resin, an aromatic-compound-modified 

16 terpene type resin, an alicyclic saturated-petroleum resin* a rosin ester, a disproportionated rosin ester, a 
completely liydrogenated rosin ester, an aliphatic petroleum resin, an aromatic petroleum resin and a 
modified aliphatic petroleum resin. 

11. The composition according to any of the claims 1 to lO.wherein component (b) Is a tackffier resin 
and which comprises 5 to 100 parts by weight of a softener per 100 parts by weight of component (a). 

20 12. The composition according to any of the claims 1 and 3 to 8. wherein component <b) Is at least one 
thermoplastic resin selected from the group consisting of polymers comprising an aliphatic unsaturated 
carboxyiic acid or a derivative tftereof. polyamide. polyesters, thermoplastic polyurethane. vinyl alcohol 
polymers, polyoxymethylene polymers. polycartx>nates. polysuUones, polyphenytene ethers, polyarytenesul- 
fides. polyketones, polyarylates. fluorine resins, polyoxybenzoyi resins, and polyimides. 

26 13, The composition according to any of the clalmsl^ to 9 or 12. wherein component (b) is a 
thermoplastic resin and which comprises 1 to 200 parts by weight of an inorganic filler, an organic filler or a 
mb<ture thereof, and 0 to 200 parts by weight of a softener per 100 parts by weight of component (a). 

14. The composition according to Claim 13, wherein at least one member of the inorganic filler is 
selected from the group consisting of calcium carbonate, clay, silica, zinc white, magnesium carbonate. 

30 magnesium silicate, talc, dlatomaceous earth, dolomite, mica powder, aluminium sulfate, barium sulfate, 
graphHe, glass fiber and carbon black, and wherein at least one member of the organic filler is selected 
from the group consisting of a resin having high styrene content, a coumaroneindene resin, a phenol 
formaldehyde resin, a modified melamine resin, a petroleum resin. Iignin, wood powder, carbon fiber, 

15. The composition according to any of the claims 1 or 3 to 8, wherein component (b) is at least one 
36 bituminous material selected from the group consisting of straight asphalt, semi-bk>wn asphalt, blown 

asphalt tar. pitch, cutback asphalt asphalt emulsion. 

16. The composition according to any of tiie claims 1 to 5, which comprises 0.01 to 5 parts by weight 
of at least one phenolic stabilizer having tiie following formulae of [1] to [Vll] per 100 parts by weight of 
component (a). 

40 
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CH- 




cm 3 



wherein Ri represents an alkyl group having 1 to 4 carix)n atoma. Ra represents an alksnyl group having 2 
to 4 carbon atoms. R3 represents a tert-butyl group or a cyclohexyl group and R* represents hydrogen or 
an alkyl group having 1 to 18 carbon atoms. 
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R5CH2CH2CORg 



[IV] 



(R3CH2CH2C0CH2)4C IV] 



CH3 ^^^2^5 



20 ^5™2~^^^3 



CH 



3 CHjRg 



26 

or 



30 S-R 



6 



35 



Hg-NH-f N [VIII 



S-Rg 



40 

wherein R5 represents 



C(CH3)3 

60 and Rfi represents an alkyi group having 2 to 22 cartson atoms. 

17. A composition according to any of teh cialms 1 to I6,whereln comprises 0.01 to 5 parts by weight 
of at (east one phosphorus-containing stabilizer selected from the group consisting of tri(nonyiphenyi>' 
phosphite, cyclic neopentan8-tetrayl-bis(octadecylphosphlte), trls(2,4-di-tert-butylphenyl)phosphlte. 4,4- 
butylidene-bis(3-methyl-6-tert-butylphenyWHridecyl)phosphite. 4,4'-biphenylenedlphosphlnlc acid tetrakis- 

6s (2.4^-tert-butylphenyl) and cyclic n8cp8ntane-tetrayl-bis<2,4-di*tert-butylphenyl}phosphlta per 100 parts by 
weight of component (a). 
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ia. A composition according to any of the claims 1 to t8, whfch comprises 0.01 to 5 parts by weight 
per 100 parts by weight of component (a) of at least one sulfur-containing stabilizer selected from the group 
consisting of ditaury)-3,3 ^thiod)propionrc acid ester. dtmyristyl-3,3'-thtodipropionic add ester, disteary)-3.3 - 
thiodrpropionic acid ester, lauryl$te8ryl-3.3 -thiodi-propnonic acid ester. d)triddcyi'3.3'-thiodipropionic acid 
5 ester and the compounds represented by the following fonmulae [VItt], [D(]: 

(RySCHjCHjCOOCHj^^C IVIII ] 

to 



[IX) 



wherein R? represents an aJkyl group having 3 to 20 carbon atoms: f^s and R9 each represent hydrogen or 
an alkyi group having 1 to 1 8 carbon atoms. 

ta A process for producing a composition comprising 

(a) 1 to 99 parts by weight of a specific hydrogenated product of a block copolymer having at least 
S8 one polymer btock composed mainly of a vinyl aromatic compound and at least one polymer block 

composed mainly of a conjugated diene compound, a modified product which comprises said product 
modified with an a.^s-unsaturated carboxyiic add or a derivative thereof, or a mixture of said product and 
said modified product, wherein the content of the vinyl aromatic compound prior to hydrogenation is 5 to 95 
% by weight and a content of vinyl linkages (VI originating from the conjugated diene compound prior to 
30 hydrogenation is 10 to 60 %. said product satisfying the following conditions: 

(1) the hydrogenation ratio [A] of the total amount of aliphatic double bonds wtiich originated from the 
conjugated diene compound (s not kiwer than 5% and is lower than 50 %, and (2) [BI^IV]'^ = 3 to 

wherein [B] is the hydrogenation ratio of the vinyl linkages originating from the conjugated diene 
36 compound; and 

(b) 99 to 1 parts by weight of at least one thermoplastic substance selected from the group 
consisting of tackifier resins, thermoplastic resins and bituminous materials, which comprises mixing the 
components (a) and (b) as defined in any of the claims 1 to IS and optionally adding a stabilizer according 
to any of the claims 16 to 18. 
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